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IV 
1 GENERAL INTRODUCTION 
1.1 HISTORICAL REVIEW OF CRANIOMANDIBULAR DYSFUNCTION 
The stomatognathic disorder defined in this thesis as craniomandibular 
dysfunction (CMD) was first described by Hippocrates in the 5th century 
before Christ. In chapter 30 of his compendium he defined the luxation of the 
mandible: "Luxation is recognized by a ventral position of the chin, and a 
deviation of the chin-point in the opposite direction of the luxated joint. The 
position of the processus coronoideus is related ventral to the upper jaw. The 
mouth can only be closed with difficulty". About 100 years before Christ, 
Appollonius of Kition illustrated in the Niketas-Kodcx of Florence the 
reposition procedure of luxation of the mandible. 
In 1932 Goodfriend defined subarthrosis and dysarthrosis of the mandibular 
articulation. Subarthrosis was considered to be a partial dislocation, and 
dysarthrosis a complete dislocation of the normal condylar glenoid 
relationship. He described condylar displacement as a symptom of sub- and 
dysarthrosis. Subarthrosis was also called subluxation and was: "the forerunner 
of all mandibular disarticulations of a chronic or recurrent type". Goodfriend 
reviewed several investigators and their theories about condylar displacement, 
and concluded: "The foregoing enologie explanations are limited to 
observations of the associated symptoms of this condition and do not describe 
their cause". 
The modern history of CMD started with the publications of Costcn (1934) 
about the relation between arthrosis deformans of the temporomandibular 
joint and the loss of molar support. He described a syndrome consisting of ten 
signs and symptoms which were, to his opinion, directly related to and caused 
by mandibular ovcrclosure. About fifteen years later Sicher (1948) and 
Zimmermann (1951) demonstrated that, based on anatomical facts, the theory 
of mandibular overclosure as postulated by Costen could not be substantiated. 
Ever since the term "syndrome" was found appropriate for CMD, the etiology 
became subject of an increasing number of conflicting speculations and 
theories. These hypotheses and theories resulted in a variety of names for 
CMD, such as listed in table 1-1. 
In 1962 Krogh-Poulsen composed a nine-point check-list for the screening of 
patients for CMD. The list contains the following items: mouthopening, 
deviation of the mandible, pain of the musculature and the TMJ, occlusal 
disharmony, occlusal wear and local, aspecific changes of the periodontal 
tissues and tooth mobility. 
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In order to standardize the classification of C M D in epidemiological studies, 
Hclkimo designed an index sлstem and introduced it in 1974 His anamnestic 
and clinical dysfunction indices were used frequenti). In this classification an 
inventory is made of the common symptoms of C M D and quantified in a 
numeric scale N o t the cause, but the effects - the signs and symptoms - are the 
criteria used in the Helkimo indices Several authors made suggestions to 
improve the Helkimo indices (Smith, 1981; F n c t o n and Schiffman, 1986, Van 
der Weele and Dibbcts, 1987) The Helkimo index is outlined in section 4 5 1 
and 4 5 2. 
Table 1 1 Overview of the terminologv of the functional disorders of the 
stomatognathic system 
author year 
GoodfriencI 1932 
Steinhardt 1932 
Costcn 1934 
Schwartz 1959 
Shorc/Lupton 1959 
Dcrksen + Bosman 1965 
Boenng 1966 
Bell 1969 
Mvrhaug 1969 
Olson/Ramfjord + Ash 1969 
Gerber 1971 
Graber 1972 
Helkimo 1974 
Arlen 1977 
Zarb + Carlsson 1979 
Gelb/Gncdcr + Cinom 1980 
Ogus +Toller 1981 
Zarb 1985 
sub- and disarthrosis of mandibular articulation 
temporomandibular joint arthrosis 
Costen Syndrome (svn FMJ-disturbanccs) 
temporomandibular joint pain d\ sfunclion syndrome 
temporomandibular joint dysfunction syndrome 
pain dysfunction syndrome 
arthrosis deformans of the 1MJ 
mvofacial pain dysfunction 
otodental syndrome 
functional TMJ-disturbances or disorders 
occlusomandibular disturbantes 
my oarthropathv of the 1 MJ 
mandibulai dvsluncuon (MD) 
otomandibular s\ ndromc 
mandibular dysfunction (MD) 
craniomandibular (dysfunction) svndiome 
mandibular stress syndrome 
craniomandibular dysfunction (CMD) 
In 1979 Dc Boever described the well-known multifactorial etiological 
approach H e distinguished five theories· the mechanical displacement theory, 
the neuromuscular theory, the psychophysiologic theory, the muscle theory 
and the psychological theory (section 1 4). Dc Boever stated that none of the 
theories as such give an adequate explanation of the cause and the symptoms of 
C M D H e concluded that the etiology of functional distuibances is 
multifactorial, and is a combination of dental, psychological and muscular 
factors. 
The scientific basis to support both the neuromuscular and the muscle theory is 
growing Ramfjord and Ash (1971) contributed substantially to the insight of 
functional disturbances of the stomatognathic system Their approach is 
critically based on scientific reports. Referring to individual moiphologic 
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variation, remodelling and adaptation, the\ described the interrelation between 
C M D and occlusion, and the possible effects on the periodontal as well as on 
the temporomandibular joint structures The) concluded that the adaptive 
capacity of the adult TMJ is very limited This is an important principle in 
occlusal treatment 
The findings of Bocring (1967) with respect to arthrosis deformans and the 
work of De Bont (1985) regarding articular cartilage structure changes during 
loading and function, are in agreement with the approach of Ramfjord and 
Ash Solberg et al (1985) introduced the concept "deviation in form" (DIF), 
meaning structural changes in the TMJ related to function, which may be 
considered the result of a remodelling process (adaptation) or of starting 
pathologic reactions 
Many of the epidemiological studies originated in the Scandinavian countries, 
especially the dental school of Goteborg contributed substantially to the 
available data The longitudinal, clinical and epidemiological studies by 
Egermark-Enksson (1982), Wenneberg (1983), Dahlstrom (1984), Mqersjo 
(1984), Magnusson (1985) and Wedel (1988) were coordinated bv Carlsson and 
are well documented in the literature 
Zarb, as editor of the Journal of Prosthetic Dentistry, changed in 1986 the 
section title "Temporomandibular joint and Occlusion" to "Craniomandibular 
Function and Dysfunction" The change was explained bv the following 
statement "Craniomandibular Function and Disfunction is not intended to 
usurp our remit to publish ameles that deal with the topics of occlusion and 
TMJ disorders O n the contrary, it reflects a broader, more eclectic approach to 
the topic, one that we hope will go on reflecting the scholarship and expertise 
of all those teachers and colleagues whose ideas have so enriched the 
professional lives of oui readers" Nowadays the term craniomandibular 
dysfunction (CMD) is generally used for disorders of the stomatognathic 
system 
1.2 TERMS A N D DEFINITIONS 
The definition of C M D has caused much confusion in the past and still does 
today A definition may be inadequate when it is too broad, and theiefore fails 
to discriminate between two disorders with similar symptoms but different 
etiology For instance occlusal wear defined as the wear of the occlusal surfaces 
of the teeth Discrimination between wear due to erosion, attrition or abrasion 
is not made O n the other hand, if a definition is too narrow, it consequently 
excludes a large population whose pathology is a result of the same etiology 
Such as occlusal abrasion defined as occlusal wear due to mechanical influences 
In this example occlusal lesions due to the combination of erosion and 
mechanical wear are excluded 
The stomatognathic disorder in this thesis, defined as craniomandibular 
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dysfunction (CMD), will be identified in terms of a set of symptoms (a 
syndrome), rather than through its etiology. Pain and tenderness in and around 
the temporomandibular joint (TMJ) and in the chewing muscles (1), impaired 
mobility of the mandible (2), and TMJ sounds (3), are generally considered to 
be the essential signs and symptoms of CMD (De Boevcr, 1979) They arc 
referred to as the "classical triad". 
During the past six decades many different terms and definitions have been 
proposed which reflected different opinions on the etiology and nature of the 
disorder (table 1-1). 
Most terms used in the literature suggest or emphasize an enologie factor 
involved in the pathologic processes. As long as scientific evidence is lacking to 
support a prime enologie factor in CMD a neutral term - such as CMD -
should be preferred 
Hclkimo stated in 1974a· "dysfunction designates a deviation from normal 
function that may be the cause or consequence of changes or disorders of one 
or more of the components of the masticatory system". 
As operational definition he used- "dysfunction is to be understood as the 
existence of any one or more of the following five clinically recorded 
symptoms: 
- impaired range of mobility of the mandible 
- impaired TMf function (deviations > 2 mm on opening or closing 
movements, TMJ sounds, locking, luxation) 
- pain on palpation of the masticatory muscles 
- pain on palpation of the TMJ 
- pain on movement of the mandible 
or the presence of one or more of the following anamnestic symptoms: 
- TMJ sounds 
- feeling of tiredness/stiffness of the jaws 
- pain in the face and the jaws 
- pain on opening of the mouth 
- difficulty in opening the mouth wide 
- locking 
- luxation. 
Helkimo specified dysfunction by its symptoms: pain, tenderness, limited 
function and TMJ sounds The Helkimo dysfunction indices (section 4 5 1 and 
4.5.2) summeri7e symptoms and classify subjects according to presence and 
seventy of symptoms In this sense the term CMD is used in most reseaich 
work. The definition of CMD used in this thesis is also based on the classical 
triad of symptoms: restricted or impaired function of the stomatognathic 
system, characterized bv (1) pain and/or tenderness of the TMJ and the 
masticatory muscles, (2) limited movement of the mandible and (3) joint 
sounds during function.. Other related terms are introduced in section 1.4. 
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1.3 PREVALENCE OF C R A N I O M A N D I B U L A R D Y S F U N C T I O N 
Prevalence data of C M D were first reported by Boman (1947) and Walsh (1949). 
Boman found that one third of a sample, composed of hospitalized subjects 
(soldiers and schoolchildren, η = 1350) had, or had in the past, symptoms of 
arthrosis such as snapping, crepitation and disturbances in motion. "Walsh found 
in a patient population in N e w Zealand 4 times more females with signs and 
symptoms of C M D than males. The early prevalence studies involved mostly 
clinic samples. 
Table 1-2 Prevalence of clinical (C) and anamnestic (A) signs and symptoms of CMD in 
some epidemiological studies or studies of epidemiological character by first author 
author year η male female age С Л population characteristics •' 
Abdel-Hakim 1983 
Agerbcig 
Agcrbcrg 
Alanen 
Bamstu/7i 
Egermark 
Ga/it 
Hansson 
Heibcrg 
I lelkimo 
Heloe 
Ingervall 
I ockcr 
Mohlin 
Molm 
Nilner 
Nilncr 
Norheim 
Ohno 
Osterberg 
Rao 
Rieder 
Solberg 
Swanljung 
Szentpetery 
Ter\ onen 
Wanman 
Wigdorowic/ 
1974 
1989 
1982 
1982 
1982 
1984 
1975 
1980 
1974 
1979 
1980 
1988 
1983 
1976 
1981 
1981 
1978 
1987 
1979 
1981 
1983 
1979 
1979 
1986 
1988 
1986 
1979 
215 
194 
1992 
853 
750 
402 
369 
1069 
188 
321 
246 
389 
677 
272 
253 
440 
309 
332 
215 
86 
997 
853 
503 
208 
188 
987 
42 
156 
110 
389 
300 
X 
253 
218 
147 
163 
2198 1095 
384 
1187 
1040 
739 
592 
600 
1275 
285 
4929 
186 
626 
387 
369 
253 
285 
584 
146 
5 
X 
108 
995 
X 
247 
194 
181 
82 
146 
165 
136 
X 
377 
272 
X 
222 
162 
169 
1103 
198 
561 
653 
370 
339 
315 
691 
139 
> 
17-65 
70 
25 65 
18-57 
25-54 
7-15 
10-18 
17 73 
? 
15-65 
25 
21-54 
18 74 
20-45 
18-25 
7-14 
15-18 
20 69 
10-18 
70 
16-56 
13-86 
19 25 
18 64 
12-85 
25-65 
17 
10-45 
% 
84 
74 
36 
X 
X 
60 
56 
79 
X 
88 
X 
60 
X 
66 
28 
64 
55 
X 
X 
86 
20 
50 
76 
41 
80 
44 
56 
80 
% 
χ S Bedouin community, Egypt 
23 R citizens, Sweden 
54 R county inhibitants, Sweden 
57 R male industr) workers, I inland 
25 S employees, Holland 
25 R city schoolchildren, Sweden 
χ R schoolchildren.Israel 
23 S city workers/tradesmen, Sweden 
27 S twins pairs, Norway 
57 R Lapps, Norway 
32 R citizen/rural community, Norway 
15 S soldiers, Sweden 
48 R citizens Toronto, Canada 
37 R citi/cns, Sweden 
12 S citi/cns inductions, Sweden 
36 R city schoolchildren, Sweden 
41 R city adolescents, Sweden 
15 S village, Norway 
11 R schoolchildren, Japan 
46 R citizens, Sweden 
χ S dental patients, India 
χ S practice patients, USA 
26 S volunteer-students, USA 
58 R citi/cns, I inland 
21 R urban community, Hungary 
χ R 4 age cohorts region, Finland 
33 R city adolescents, Sweden 
χ S children, soldiers, students, 
Poland 
S = selected samples R = randomized samples χ = not studied 5 = not reported 
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Helkimo started in 1969 the first epidemiological sur\ev on signs and 
symptoms of C M D The stud\ was carried out on a complete population of 
I apps in the north of I inland From that time more epidemiological studies on 
samples, selected in accordance with methodologically acceptable principles 
were performed 
In table 1-2 an overview of the epidemiological studies concerning the 
prevalence of C M D is presented 
The range of the prevalence of signs and symptoms of C M D was 33-86% in a 
survey of epidemiological studies by Carlsson (1984) In a review of the 
literature concerning C M D , Baras tu/ / i (1982) found that the prevalence of 
C M D ranged from 12-58% for the subjective (= anamnestic) signs and 
symptoms and 28 88% for the objective (= clinical) signs and symptoms 'Ihe 
prevalence ranges of the studies from table 1-2 arc 11-58% for the 
anamnestic, and 20 88% for the clinical signs and symptoms 
The differences in the prevalence data might be due to sampling variations, 
differences in methodology (definition of CMD) , or actual differences in the 
prevalences in the underlying populations (Gross et a l , 1988) 
1.4 ETIOLOGIC CONCEPTS 
Though a number of hypotheses about the prime cause of C M D have been 
suggested, scientifically proven evidence is lacking to support anyone of them 
specifically Generally accepted at the moment is the multifactorial etiological 
approach presented by De Boever (1979) 
The five main enologie concepts to be considered were 
Mechanical displacement theory 
The observation that certain persons with C M D and ear complaints also lack 
posterior occlusal support, led to the development of the assumption that 
overclosure of the mandible will cause displacement of the condvle As a result, 
pressure will be exerted on the auriculotemporal and chorda tympani nerves as 
well as compression of the eustachian tubes This theory has been challenged 
on both anatomic, as well as on epidemiological data (Kayscr, 1984, Witter et 
a l , 1988) 
Muscle theory 
In this theory it is assumed that the disorder is primarily a hyperactivity of the 
muscles of the head, neck and jaw C M D is thought to be only one aspect of 
the disease state and is secondary to muscle hyperactivity Muscle hyperactivity 
may lead to increased muscle tension which, if allowed to increase, may lead to 
painfull muscle spasm The pain provokes excessive contraction of the muscle, 
increasing the pain and leading to more contraction Thus a vicious cycle is 
established Areas of localized tenderness or trigger points may develop These 
points can trigger pain and muscle spasm when stimulated Muscle spasm is 
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thought responsible for the symptoms of pain, mandibular deviations and 
restricted mobihtv Incorrect occlusal relations may therefore be the result 
rather than the cause of masticatory muscle spasm 
NeuromusLular theory 
The dental status has some influence on functional remodelling and 
osteoarthrosis of the joints This influence has been ovcrstresscd in the past 
However, it is at least an enologie cofactor in the development of CMD 
Functional disharmony between the dental occlusion and the position of the 
condyle in the joint is considered bv many clinicians as an important cause for 
CMD It is postulated that occlusal interferences especiallv in the retruded 
contact position and on the mcdiotrusne range, mav cause parafunctional 
activity such as grinding and clenching Bruxism may lead to muscle spasm and 
pain, and subscquentlv resulting in deviation and movement limitation of the 
mandible Occlusal interferences may also alter the proprioceptive feedback, 
leading to incoordination and spasms in some of the masticatory muscles The 
neuromuscular theory does not explain why CMD occurs only in some 
patients with occlusal interferences It seems that another factor such as psychic 
tension is needed 
Psychologic theory 
In the psychologic approach CMD is considered a psychosomatic disorder, in 
which physical symptoms are attributed to psychic, emotional, or mental 
factors These models encompass personality theories, emotional states such as 
anxiety, fear and depression, and the patient's psychologic reaction to stress 
PsychophysiologtL theory 
The basic premise of this theory is that masticatory muscle spasm is the prime 
factor responsible for the signs and symptoms of CMD The muscle spasm may 
be initiated bv muscular overextension, overcontraction or fatigue Muscle 
fatigue is considered the major initiating cause This fatigue is initiated by 
tension related oral habits causing myospasm This subsequently leads to the 
various sequela such as overcontracture, occlusal disharmony and 
osteoarthrosis 
'I he above described factors overlap each other and do not depict a clear 
enologie scheme At present the enologie factors arc classified as three groups 
(De Bocvcr and Steenks, 1989) 
- occlusal-anatomic factors 
- neuromuscular factors 
- psychosomatic factors 
Because of the fact that the term "CMD" has to be considered as a generic term 
to describe collectively various disorders of the joints, discs and muscles, 
etiology will be implicit complex and probably as varied as the different 
disorders (table 1-3) bach of the disorders may be manifest by the presence of 
one, several or all of the generally accepted symptoms These arc, as mentioned 
before, pain and tenderness of the muscles of mastication and TMJ, sounds 
during condylar movements and limitations of mandibular movements 
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'ІаЫе 1 3 Disorders related to CMD 
location 
joint - osteoartrosis 
- rheumatoid arthritis 
- cond\ lar displacement 
disc - internal derangement 
muscle - muscle hyperactivity 
Osteoarthrosis is a primarily non-inflammatory disease charactcrucd by both 
deterioration and abrasion of the articular soft tissue surface and by 
simultaneous remodelling processes in the underlying bone (Carlsson et a l , 
1979) The disease process usually affects the center of the joint(s) and emanates 
peripherally Osteoarthrosis of the TMJ is most often unilateral, crepitation 
usually occurs early in the course of the disease and the diagnosis is made on 
the basis of radiographs. The prevalence of osteoarthrosis increases with age 
Rheumatoid arthritis is an crodation of the articular surface caused by the 
secretion of enzymes by pannus cells (Weinberg, 1979) The process is 
characterized by inflammation synovitis and capsulitis The pathologic process 
erodes from the periphery towards the centre and is usually bilateral The 
erosive changes may result in destruction of all the articular structures. During 
the first year of the disease, the changes are usually not visible radiographically 
O t h e r joints of the body are generally affected first 
Condylar displacement is a deviation of the condyles out of their normal 
centric position Γ ivc pathologic condyle positions can be differentiated In the 
dorsoventral plane, cranial position (compression), caudal position 
(distraction), ventral and dorsal position might occur In the frontal plane 
transverse displacement can be observed (Okeson, 1985) 
Internal derangement is a malrclationship of the disc to the condylar head and 
articular eminence, caused by alteration of its attachments allowing the disc to 
assume an abnormal position (Schwartz and Chayes, 1968, Okeson, 1985) 
Muscle hyperactivity is an increased and sustained (masticatory) muscle activity 
with a local- or centrally mediated cause 
It is important to note that the idea about the role of occlusion as an enologie 
factor has changed (Carlsson and Droukas, 1984, Droukas and Carlsson, 1985). 
In the past (Costen) occlusion was supposed to be a major cause for C M D 
Recent studies with different designs (Kononen et al., 1987, Srentpctery et a l , 
1987; Moore G u n n et a l , 1988, Pullinger et al., 1988, Kirveskan et a l , 1989, 
Runge et a l , 1989, Vanderas, 1989) showed that this view cannot be 
substantiated The occlusion is now considered a possible CMD-related, or co-
etiologic factor The precise role is not clear yet. 
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Poss ib le e n o l o g i e factors of the d i s o r d e r s re la ted t o C M D are o u t l i n e d in tab le 
1-4 
Table 1-4 Craniomandibular dvsfunction related disorders and the enologie factors 
tliforder etiologic factor 
osteoarthrosis 
rheumatoid arthritis 
mechanical loading of the joint 
- extreme masticatory function 
- impaired premolar and molar support 
- muscular hvpcractivitv (bruxism) 
constitution of the joint 
heredity 
- age 
- adaptation, remodelling 
genetic disposition 
microbial agents 
(auto)imniunological mechanisms 
gastrointestinal genesis 
stress 
condylar displacement 
and 
internal derangement 
occlusal disharmony 
- impaired premolar and molar support 
occlusal prematurities and interferences 
- sudden chingc of occlusion 
acute trauma 
overextension 
chronic trauma 
- muscle spasm 
muscle h)peiact ivi t) occlusal disharmon) + psychic tension (stress) 
trauma 
overextension 
- overcontracLion 
muscle fatigue 
- general tension 
1.5 T H E R A P E U T I C C O N C E P T S 
A s the re are several e n o l o g i e factors invo lved in C M D it is t o be expec t ed t h a t 
t he re are several a n d different t h e r a p e u t i c a p p r o a c h e s E v a l u a t i o n s of t he 
different t r e a t m e n t o p t i o n s arc often p r e s e n t e d in t he f o r m of case r e p o r t s w i t h 
a re la t ively s h o r t p e r i o d of f o l l o w - u p and w i t h o u t a c o n t r o l g r o u p W h e n t h e 
effects of d i f ferent t r e a t m e n t s a ie c o m p a r e d , t h e resul t s s e l d o m reveal ma jo r 
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advantages of one method over the other (Franks, 1965, Greene and I askin, 
1971, Dahlstrom et a l , 1982, Mcjersjo, 1984, Okeson, 1985) This can be 
explained bv the placebo effect (Clarcke, 1982, 1 pstcin, 1984), bv the 
fluctuations of the symptoms (Kopp, 1977, I rankenmolen et a l , 1989), or bv 
the fact that most treatments have in essence the same aim to reduce pain and 
muscular hvpcractivit) 
However, appropriate treatment of C M D should be consistent with the 
etiology The lack of consensus regarding the etiology should not be used as a 
justification for unsubstantiated treatment Elimination of the cause is the most 
effective, long lasting treatment If the cause cannot be identified, symptomatic 
treatment has to be provided In general, simple and reversible treatment has to 
be preferred to complicated and irreversible procedures (Greene and I askin, 
1974, Griffiths, 1983, Okeson, 1985, Carlsson, 1985) 
Initial therapy starts with counselling (Kopp, 1979), stress inventory (Marbach, 
1975), muscle exercises, soft diet (Kraus, 1988) and thcrmothcrapy (Bell, 1969) 
If necessarv pain can be managed by medication and physiotherapy (Danzig ct 
a l , 1983) Bio-feedback (Carlsson et a l , 1975) may serve as an aid to release 
parafunctional habits Next, in case of occlusal disharmonies, stabilization 
appliances (Zarb and Carlsson, 1988) can be used in order to equilibrate the 
occlusion, relax the musculature and restore the balance in the TMJ 
Subsequently occlusal adjustment may be performed in the form of selective 
grinding To achieve a more permanent and stable occlusion, oral recon 
struetion may be indicated 
In case of (chronic) inflammatory processes of the TMJ intraarticular injections 
of corticosteroids are provoked (Toller, 1973, Kopp and Wenneberg, 1981) If 
conservative therapy has failed, obvious raehologic disorders are present and 
the patient still suffers from pain, surgical therapy has to be considered 
(Toswillo, 1974, loanmdes, 1988) 
Kccoitlv encouraging experiences have been made with arthroscopy 
CI Inlmlund et al , 1989) I he indication, however, is not clearly defined and the 
results still are unpredictable 
1.6 OBJECTIVES OF THF STUDY 
The results of the existing epidemiological studies arc not transformable to the 
Dutch population The reviewed prevalence data show much discrepancy (table 
1-2) Prevalence data and insight in the treatment need of C M D in the Dutch 
adult population are needed to quantify the disease These data can be used in 
planning dental health service As shown in section 1 4, there is no consensus 
yet regarding the etiology of C M D More insight into the specific causes of 
C M D might enable us to tvpifv the CMD-patients to etiology This may result 
in efficient patient identification and treatment strategies 
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The general aim of this epidemiological studv is to studv the prevalence and the 
etiologv of C M D in the Netherlands The design of the study was twofold 
- a nationwide survey to assess the prevalence of G M D , 
- a nested case control studv to investigate the etiology of G M D 
The specific aims arc 
- To studv the prevalence of G M D - anamnesticallv as well as clinically 
assessed - in the Dutch population 
- To estimate the patient assessed (subjective) treatment need 
- To stud) the etiology of G M D , the prevalence of suspected risk indicators, 
objective and subjective signs and symptoms of G M D and their 
interrelationships 
In other words, the results of this study yield information to answer the 
essential question " H o w impoitant is G M D as a (dental) disease'" 
1.7 SUMMARY 
Since 1970 interest in G M D has steadily increased The definition of G M D has 
caused much confusion within the profession Various terms reflecting the 
assumed etiology have been generated in the past and arc still used today 
Prevalence data and conclusions about etiologv were deduced from clinical 
samples, until Hellumo started an epidemiological survey in 1969 The 
prevalence data of G M D show a great range, possiblv due to the varied 
nomenclature of the disorder, the often fluctuating signs and symptoms and the 
population studied bor the Dutch population the prevalence of G M D is 
unknown 
The main etiological theories arc described, and the different therapeutic 
approaches are mentioned 
The objectives of this study are to get insight in the prcvilence of G M D in the 
Dutch population and to estimate the treatment need Reliable epidemiological 
data are necessary to assess G M D as a disease of the stomatognathic system 
With these data it may be possible to furnish a scientific based strategy for the 
prevention and health care treatment of G M D in the Netherlands 
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2 METHODOLOGY 
OF ETIOLOGIC STUDIES 
2.1 INTRODUCTION 
The origin of a disorder or disease is of prime interest and tracing it is an 
important objecme in dentistry A dentist armed with knowledge about the 
origin of a disease may be able to combat the disease more dircctl) However, it 
is to optimistic to expect that knowledge abouth the cause of a disease will 
certainly lead to an effective prevention or therapv A known example arc 
today's "behavioral diseases" 
Yet there is icason enough to tr) to discover the causality of diseases 
Knowledge about the origin of a disease тал be important for patient 
information Defining "risk groups" might also induce carlv preventive action 
or early diagnosis to avoid the disease to progress. In that case not only the 
exact causes, but also the factors related to the cause, the so-called enologie 
factors arc relevant 
The term "cause of a disease" has many facets This is illustrated bv the disease 
periodontitis It is known that periodontitis is caused by infection with micro­
organisms However, the problem is why infection will result in periodontitis 
in one person and not in the other The effectiveness of the immumtv system 
seems to plav an important role Another example is the well known relation 
between caries and the socio- and economic state (SbS) Nowadays caries is 
more frequently found in the lower classes than in the higher classes Socio­
economic class is an enologie factor which has to be taken into account in 
health management and health care systems However, in this case the cause is 
less clear, because probably more factors arc involved in the processes Is it a 
matter of income' Knowledge' Tradition' Or a combination of these 
components? Philosophing about "the cause", it is clear that "monocausal" 
thinking is inadequate and had to make way for "multicausal" thinking This 
means that the onset of a disease requires a chain of processes (for instance 
canes can be caused it teeth, micro-organisms and glucose arc present) or 
different processes can initiate the same disease (for instance cardiovascular 
diseases can be caused by smoking as well as bv fat food) Causality means that. 
the cause has to precede the effect in time In general enologie factors mav 
stimulate (risk factors) or inhibit (inhibiting factors) the course of a disease 
Different approaches arc possible to study and trace enologie factors First 
explorative and analytic studies can be differentiated 
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An explorative study is conducted when knowledge about the occurrence, the 
natural history, or the determinants of a disease is lacking. The objectives are to 
estimate (1) the prevalence of the disease, and (2) the time trend in a particular 
population, and (3) to generate more specific etiologic hypotheses. The most 
basic form of exploration is the case study (casuistic). 
An analytic study is conducted when more knowledge is available about the 
disease, so etiologic hypotheses can be tested. The objectives are (1) to identify 
risk factors for the disease, (2) to estimate their effects and (3) to suggest 
possible strategies for intervention. Analytic studies may be experimental or 
observational. 
Experimental studies are designed to test the hypothesis that introduction of a 
certain factor will cause the disease and removal of the factor will prevent or 
stop the disease. Ethical limitations restrict the application of experiments, 
because manipulation and causation of disease on people is generally 
considered to be unacceptable. 
Animal experiments do have less ethical and practical limitations but 
transformation and interpretation of the results to the original human model is 
complicated. Moreover, animal experiments are recently more crit¡7.ed by the 
general public. 
Multicausality, however, introduces fundamental problems in experiments. In 
case of multicausality, presence of a factor will not cause disease per sc (e.g. 
infection) also the absence of one factor docs not always means absence of a 
disease. In the case of a multifactorial disease evaluation of etiologic factors had 
to be studied in terms of probability of the occurrancc of the disease 
(probalistic or risk model). In an experiment controlled intervention is 
performed on factors suspected of influencing the disease under study while 
other factors are kept constant and controlled. 
Observational studies arc characterized by the absence of deliberate human 
intervention between possible etiologic factors and the disease. From 
observational studies it cannot directly be concluded that a certain factor is the 
cause or "a real etiologic factor". However, different observational studies 
resulting in the same risk factors make the established causalities more 
plausible. The problem in observational studies is demonstrated in the 
following example. Observational studies may show a high prevalence of root 
caries in "tooth brushcrs" indicating tooth brushing as a risk factor. A possible 
alternative explanation for such a finding could be the absence of a certain 
vitamine. This vitamine deficiency directly results into root caries as well as 
into gingiva irritation, which leads to a need to brush the teeth. The vitamine 
deficiency is called the third factor or confoundcr, influencing both, the cause 
and the effect. In case of observational research the problem of confounding 
has to be taken into account. 
To study the multifactorial etiology of craniomandibular dysfunction, it is 
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obvious that an observational design is most suitable As a consequence of the 
multicausahty, intervention in experimental studies would be very complex 
Starting from a psychologic component in the etiology, animal experiments as 
well are not applicable Since the observational study design is choosen to 
study craniomandibular dysfunction, more attention will be paid in the next 
sections to the different types of observational studies, and the quantification 
of risk Besides, methodological problems (2 4), selection of participants (2 5), 
and the statistical analysis (2 6) of a specific type of observational studies 
- the case-control study - is presented I inally, an evaluation of case control 
studies and considerations with respect to the study of CMD is outlined 
2.2 OBSERVATIONAL FTIOLOGIC STUDY DESIGNS 
In these study designs, the etiology of a disease is studied by observation and 
not by intervention or manipulation (experiments) There arc three study 
designs available 
- cohort studies 
cross-sectional studies 
- case-control studies 
Application, advantages and limitations are described in the next subsections 
The objectives of the first two designs may be descriptive or enologie, the case-
control design, however, is traditionally etiologic (testing of etiologic 
hypotheses) 
2.2.1 Cohort study 
Since the cause has to precede the effect, the most plausible approach in 
enologie research is to follow persons not suffering from the disease in 
question. Most diseases are more or less age-depended (c g decay of the 
dentition, or diseases of childhood) so it is obvious to plan the study in some 
age-category The characteristics result in the composition of a "birth-cohort" 
(individuals born in a same time period) of healthy persons to detect and study 
new cases of disease 
At the start of a cohort study individuals arc selected and subsequently 
followed over time During the follow up period at regular times of 
measurements the intensity of risk factors and the incidence of the disease are 
registrated After a certain period of follow-up the influence and interaction of 
the risk factors may be analysed 
Variability in risk factois (eg the change in eating or drinking habits) may 
endanger the power of this tvpc of study Delay-time of previous exposure to 
risk factors may also have іпНисіке on the disease in question This means that 
it is often difficult to assess the total exposure time 
Observational studies do not allow to conclude the risk factor to be the cause 
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per se Plausabiliu of the influence of the nsk factor on the disease has to be 
verified Success of a cohort stud\ depends on the incidence of a disease 
Incidence is defined by the percentage new cases in a period of time The 
number of new cases in the cohort stud\ depends on incidence, cohort size 
and duration of the follow up Consequently cohort studies are unsuitable for 
rare diseases Low incidence implies a long follow up in order to collect new 
cases This results in practical problems (e g constanc\ of measurements) and 
economical limitations (expenses) These problems explain the unpopularity of 
cohort studies Sometimes a historical cohort study is apphcatcd (Leempocl, 
1987) A historical cohort studv is a study in which the outcome has already 
occurred before the start of the investigation while the experience is assessed 
from existing records (MacMahon and Pugh, 1970) 
2.2.2 Cross-sectional study 
In a cross-sectional epidemiological survey the participants can be divided into 
two groups cases and non-cases By means of statistical analyses differences 
between these two groups may be detected and enologie factors be traced 
I imitations of this study design arc 
- The observational approach implies confounding problems 
- Measurements take place at one time It is impossible to verify the influence 
of time in relation to the cause and effect I or instance one may start tooth 
brushing after being informed to have several decayed teeth Tooth brushing 
then appears as a risk factor while in reality it is a compensation for getting 
more decaved teeth (i с not the cause but the result) 
It is concluded that an "one moment measurement" has little or no sense to 
study the etiology of a chronic disease, including compensation mechanisms In 
other words the studv of incident (new) cases has to be preferred over 
prevalent (existing) cases 
2.2.3 Case-control study 
Io avoid long lasting and complex cohort studies and to meet the demand for 
incident cases, case-control studies arc applied 
It is preferred to studv incident cases in a case-control study design These 
cases are selected in an epidemiological survey, general practice or dental clinic 
Possible causes of the recently developed disease or disorder are studied 
retrospectively bv reconstructing the patient's history (anamnesis) A 
comparable control group is also selected and the same clinical and anamnestic 
data arc collected 
Differences in the data of cases and controls may be interpreted as enologie 
factors 
Advantages are (1) the absence of compensation mechanisms, (2) history and 
onset of the disease is recent and easily to recall, and (3) the sample size is 
relative small 
Disadvantages are (1) unreliable measurements due to indirect measurements 
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of situations in the past, and (2) many parameters (countings of micro­
organisms, muscle function etc ) are excluded as possible enologie factors The 
study has to focus on behavioral factors such as food consumption, medical 
need, oral hygiene, social circumstances etc 
The reconstruction of the history, often time consuming, may efficiently be 
collected due to the small sample si/e This in contrast to cohort studies For 
this reason, cross sectional and cohort studies are often continued as a case-
control study, leading to a so-called nested case control-study If a cross-
sectional survey is transformed into a case-control study the problem of the 
prevalent cases is still present In case the disease or the disorder has mainly 
subclinical symptoms this is only a minor problem 
Recent experiences showed that case-contiol designs arc suitable for the study 
of the etiolog) of most of the existing diseases and disorders (Cole, 1979, 
Lihenfcld and Lihenfeld, 1979) However, case-control studies do include many 
pitfalls 1 hese problems arc discussed in the next sections (2 4 and 2 5) 
2.3 QUANTIFICATION OF RISK 
This section deals with the quantification of the risk and the probability of an 
enologie factor to cause a disease 
2.3.1 Probability and risk 
In general there is no unique and perfectly predictable relationship between 
enologie factor and disease Presence or absence of a factor will not per sc cause 
or prevent disease Io meet this problem the term "risk" is introduced 
Risk is defined as the probability of an individual to develop a gi\cn disease or 
experience a health status change over a specified period Risk ma\ vary from 
yero to one, is dimensionlcss and requires a specific period reference 
To illustrate this concept a simplified situation is described 
Disease (D) is dichotomized present (D+) or absent (D") Characteristics and 
fluctuation in intensity of the disease are neglected It is supposed that the risk 
factor (Γ) may be present (I + ) or absent (I ") Differences in exposure of the 
risk factor are not taken into account 
For example a person eats sweets (F+) or does not eat sweets (F ) at this stage a 
discrimination between few or much sweet is not made 
The probability (P) to develop disease conditional on being not exposed (F") is 
noted as P" = Ρ (D+ZF") 
Flic complementary probability (Q) is defined as Q = 1 - Ρ 
Q" = the probability of absence of disease (D ) conditional on being not 
exposed (F ) In formula Q = Ρ (D7I ") 
In recent statistic developments (i e logistic regression) the so-called odds (O) 
arc introduced The absence of a risk factor is defined as O" = Ρ /Q" Odds 
increase when the probability increases 
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Subsequently if the risk factor is present (F+) the next notations arc used 
Probability of presence of disease (D + ) conditional on being exposed (I + ) is 
noted as P + = Ρ (Ό + /Γ + ) and the complement Q + = Ρ (D7I + ) 
The odds if the risk factor is present is defined as 0 + = P + / Q + 
Introduction of these terms allow the development and construction of several 
measures of risk 
2.3.2 Relative risk and odds-ratio 
It is obvious that an etiologic factor must be considered to be a risk factor 
if P + > Ρ and an inhibiting factor if P + < P" 
The difference between P + and P" is called the attributive risk In enologie 
studies the quotient of P + and P~ the relative risk (or risk ratio) is preferred In 
formula relative risk = RR = P + /P" 
RR > 1 implies F to be a risk factor, and RR < 1 an inhibiting factor 
In case of a risk factor the 0 + has to be greater than the 0" analogue to the 
relative risk, the quotient is called Odds-ratio = ψ = 0 + / 0 " If ψ > 1, I is a 
risk factor, and ψ < 1 it implies F to be an inhibiting factor 
To illustrate the described terms in a hypothetical example gingivitis (the 
disease) and as a risk factor phychological stress is chosen, operationahzed by 
the A- and B-typc person The A-typc person is a quiet person, the B-typc 
person lives like a cosmopolitan In a longitudinal cohort study an extensive 
population of middle aged men is examined At the start of the examination 
some men appear to have already gingivitis and are excluded from the sample 
By means of a questionnaire 4000 men can be divided into the A-typc and B-
type Some years after the first examination gingivitis is measured The fictive 
results of the examinations are presented in table 2-1 
Tabic 2 1 Results of a longitudinal cohort study to the relation of stress (I-) in the A-
and В type, and gingivitis (D) 
stress factor (b) 
A-type (F") 
В type (b+) 
total 
no gir 
2610 
1090 
3700 
igivitis (D ) gingivitis (D ) 
190 
110 
300 
total 
2800 
1200 
4000 
The following parameters can be calculated from the data of table 2-1 
P + = Ρ (D + /F + ) = probability to develop gingivitis for B-types = 110/1200 = 
0 092 
Q + = Ρ (D"/F+) = probability to not develop gingivitis for B-types = 
1090/1200 = 0 908 
0 + = P + / Q + = odds for B-types = 110/1090 = 0 101 
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Ρ" = Ρ (D+/F") = probability to develop gingivitis for A-typcs = 190/2800 = 
0.068. 
Q" = Ρ (D"/F") = probability to not develop gingivitis for A-types = 2610/2800 
= 0.932. 
Ü" = P 7 Q - = odds for A-typcs = 190/2610 = 0.073. 
Relative ratio for B-types = RR = P+ZP" = 0.092/0.068 = 1.35. 
Odds-ratio for B-typcs = ψ = O+ZO" = 0.101/0.073 = 1.38. 
B-types have a higher risk to develop gingivitis than A-types. 
This example reveals 0 + and P + to be more or less equal and similarly O" and 
P". The odds-ratio is almost equal to the relative risk. When the disease is more 
rare these similarities are clearer. Therefore the odds-ratio is often interprctatcd 
as relative risk. Odds-ratios are introduced for practical reasons. Especially in 
case-control studies odds-ratios are of practical importance. This will become 
clear when the cohort study is continued as a case-control study to collect 
additional retrospective data. Suppose the case-control study derived from 
table 2-1 is focusscd on all cases ( D + individuals η = 300) and a sample of 20% 
of the non-cases (D~ individuals η = 3700). Subsequently 740 non-cases arc 
selected. The data of this case-control study will be as depicted in table 2-2. 
Table 2-2 Results of a case-control study derived from the cohort study of table 2-1. 
risk factor 
F-
total 
(F) controls (I)") 
522 
218 
740 
cases 
190 
110 
300 
(D + ) total 
712 
328 
1040 
Evidently an attempt to find P + (110/328 = 0.34) and P - (190/712 = 0.27) has 
no sense due to the unequal sampling proportions from cases and controls. 
Also the relative risk P + /P" = 0.34/0.27 = 1.26 cannot be interpretateci. 
However, it is interesting to compute the "odds": 0 + = 110/218 = 0.505 and 
O" = 190/5228 = 0.365. These figures show to be 5 times the real odds (the 
factor 5 is explained by the original D" sample size being 5 times more). 
Consequently the odds-ratio based on the data of the case-control study is 
equal to the odds-ratio based on the cohort study (0.505/0.365 = 1.38). The 
ratios 0.505 ( 0 + ) and 0.365 (О") are unrealistic values and therefore not used in 
publications of case-control studies. But still the odds-ratio ψ calculated as ψ = 
(522 χ 110)/(218 χ 190) = 1.38 estimates the relative risk. The odds-ratio is a 
widely used statistic in case-control publications. 
In general, the results of a case-control study are depicted in a four-fraction 
table ( 2 x 2 table). For rare diseases the odds-ratio defined by ψ = ad/bc 
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estimates the relative risk Other ratio's based on the \alues a, b, c, d are not 
interpretable 
Tabic 2-3 2 x 2 table including the results of a case-control stud\ 
risk factor (Γ) control (I) ) case (D+) 
Г a b 
F+ с d 
Odds-ratio = ψ = ad/bc 
In this case-control subsample, sampling factor (5 times) is known In case-
control studies based on samples of dental practitioners or dental clinics the 
sampling factor is unknown so t int absolute risks may not be computed 
2.4 M E T H O D O L O G I C A L PROBLLMS I N C A S L - C O N T R O L STUDIES 
Many methodological problems arc involved in observational studies 
In this section several forms of bias in case-control, and cohort studies will be 
discussed The gmgiwtis-strcss example used as a numerical model in section 
2 3 is now used for methodological purposes 
2.4.1 Selection and information bias 
Bias is defined as any systematic error in the design, conduct or analysis of a 
study that results in a mistaken estimate of an exposure's effect on the risk of 
disease Two major sources of error that are relevant to most case control 
studies are selection bias and information bias (Klcinbaum et al, 1982) 
Selection bias is introduced when cases and controls are not representative for 
their group, due to the recruitment procedures of the participants Lxamplcs 
will be discussed in section 2 5 1 
Information bias means that the obtained data on the participants arc incorrect 
This may be the case for the assessment of the disease as well as the estimation 
of the exposure Case and control assessment in practice may give problems 
bor instance, an individual without periodontal problems at reexamination may 
be affected with gingivitis directly after the study was finished 
Nevertheless this "case" was considered to be a control In addition should a 
patient having much calculus be considered as a case or as a control 5 There may 
also be patients with pseudo pockets, will they be selected as a case or as a 
c o n t r o l ' 
Also erroneous estimation of exposure can occur for many reasons e g a 
questionnaire may give improper results due to memory loss (recallbias), 
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confusion or an effort to please the investigator (social desirability). Also 
improper laboratory analysis will lead to considerable errors. 
Life style changes and change in habits of participants are difficult to transform 
in concrete data. 
The above mentioned problems will lead to misclassificadon of participants, 
this means incorrect distribution of the sample in the 2 x 2 table (table 2-3). 
Misclassifications are often thought to increase random errors in the estimation 
of the relative risk. However, this is not true. In general misclassification of 
subjects with respect to cither disease or exposure will tend to equalize the 
observed counts in the 2 x 2 table consequently biasing the odds-ratio towards 
unity (no risk, no inhibiting). This means that the effect of the etiologic factor 
studied, is underestimated. Also exceptions of this rule are possible. For 
instance patients with a high DMF-score tend to explain the cause of the decay 
by their "brushing habits" in the past. These habits will be exaggerated, 
resulting in an artificial increased association of caries and tooth brushing. 
2.4.2 C o n f o u n d i n g 
Confounding is a general problem in observational studies, whenever inter­
pretations of causes or estimations of effects are involved. 
A confounder is an extraneous variable that satisfies both of two conditions: it 
is a risk factor for the studied disease and it is associated with the studied 
exposure. 
Confounders may be regarded as third factors. Confounding is not due to 
improper examinations but it is due to a shortage of theoretical knowledge in 
the mechanism of the etiologic (dental) problem. A classic example of 
confounding is described by Bishop et al. (1975). In his example infant 
mortality a few days after birth is considered to be D + , staying alive D". 
A possible protecting factor, much prenatal care F + is examined towards few 
prenatal care F". 
The study is performed in two clinics. The results are given in table 2-4. 
Tabic 2-4 The relation of prenatal care (F) and infant mortality (D). 
prenatal care (F) no infant mortality D~ infant mortality D + 
no prenatal care (F~) 373 20 
prenatal care (l·"1") 316 6 
The odds-ratio: ψ = (373 χ 6)/(316 χ 20) = 0.33. 
The probability of infant mortality conditional to much prenatal care is 3 times 
less than the non-exposed group. Is prenatal care an inhibiting factory Further 
study after dividing the sample into the two participating hospitals reveals the 
results as presented in table 2-5. 
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Table 2 5 Relation of prenatal care (I ) and infant mortalitv (D) foi both participating 
clinici 
prenatal care (I ) clinic I clinic II 
infant mortality infant mortality 
D" D + D" D+ 
no prenatal care (I ) 176 3 197 17 
prenatal care (F+) 293 4 23 2 
The odds ratio of clinic Ι ψ = (176 χ 4)/(293 χ 4) = 0 8 
The odds ratio of clinic II ψ = (197 χ 2)/(23 χ 17) = 1 О 
Dividing the samples into the participating hospitals leads to the conclusion 
that prenatal care has no protecting effect A possible explanation may be as 
follows clinic I is situated in a district with a high SES People tend easily to 
ask for medical care and infant mortality has a low prevalence Clinic Π is 
situated in a district with a low SES hor several reasons infant mortality is 
reasonable high People can not afford prenatal care 
SES (clinic I or clinic II) appears to be the confounder introducing a non-
reahstic relation between prenatal care and infant mortality in the total table 
(Table 2-4) This relation is called "spurious correlation" SES is interrelated 
with infant mortality as well as with the demand of prenatal care 
Also in dentistry confounding is a problem Cervical abrasion is a risk factor 
for the presence of Class V restorations The explanation is obvious, tooth 
brushing causes cervical abrasion and is possibly related to dental mindedness 
and a high degree of restoration So tooth brushing is a third factor 
(confounder) introducing association between the first mentioned factors 
cervical abrasion and cervical restorations 
The presence of a "spurious correlation" is made clear when the total table of 
cervical abrasion and cervical filling therapy is stratified into "brushers" and 
non-brushers" In the context of the brushers there will be no association 
between dental filling therapy and abrasion, similarly within the group of non-
brushers there will be no association anymore 
A technical check to investigate a factor to be a confounder is generally 
performed as follows Confounder (C) is stratified to different levels (e g two 
SES levels, high and low) The relation of Γ and Ü is studied for each level of С 
by calculating the odds-ratio 
Whenever these different odds-ratios are not approximately equal to the odds-
ratio of the total table, " C " may be considered as a confounder However, this 
technical confounder detection does not solve the confounder problem 
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In the abrasion-brush example the association of brushing being a confounder 
of abrasion and degree of restoration is easy to show, but also the degree of 
restoration may be considered as a confounder in the relation of brushing and 
abrasion Therefore the option "real" or "spurious" correlation cannot be 
based on statistical considerations only, but has to be momated by theoretical 
knowledge and clinical experience Statistical confounder detection may serve 
to clarify confounding mechanisms 
The effect of the confounder may be both reduction or increase of the effect of 
the risk factor The previous examples showed increased odds-ratios as a result 
of confounding Shapiro et al (1979) described a stud-v of decreased odds-ratios 
due to confounding by age This t\pe of confounding is illustrated by the 
association of recent filling therapy (ΓΓ) and endodontic treatment (ENDO) in 
a hypothetic sample of 1976 subjects The total sample and the subsamples 
stratified by age are presented in table 2-6 In the total table a slight increased 
risk is found to recent filling therapy (ψ = 1 7) 
Stratification for age in three classes showed considerable increased odds ratios 
(ψ = 3 5 - 7 2) 
Table 2-6 Association of recent filling therapy (ΓΤ) and endodontic trtnuncm 
(tNDO) for subjects distributed h age (25 49) 
recent filling 
therapy (FT) 
I I»" 
I ι -
odds ratio 
endodontic treatment by agt groups 
25-30 31-39 
P N D O + E N D C r i N D O + L N D O " 
4 2 
62 224 
7 2 
13 45 
59 720 
3 5 
40-49 
b N D O + rNDCT 
12 158 
14 663 
3 6 
total group 
2S-49 
Ь М П О
+
 ENDCr 
29 205 
135 1607 
1 7 
Some personal characteristics are risk factors to many diseases, ι e age, gender 
and SES These characteristics still define social behaviour of the dutch society 
If behaviour determinants are studied to be risk factors, age, gender and SES 
have to be identified and often adjusted for confounding To study the residual 
association between exposure and disease adjustment for confounding by 
means of stratification or multivariate analysis have to be performed 
Adjustment for confouding is effectuated by computing the odds-ratio for each 
stratum and if possible composed to one value 
In planning a case-control study, one should regard any known risk factor for 
the studied disease as a potential confounder These confounders are measured 
in the sample in order to provide adjustment Adjustment may be performed in 
advance or afterwards 
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2.5 SEI b C T I O N OF PARTICIPANTS 
As discussed in section 2 4 1 it is ver) impoitant to define cases and controls 
exactly in order to prevent bias Probable or possible cases can be excluded 
eventually 
Selection criteria have to be developed to establish cases, controls or probable 
cases Because case-control studies are cspeuallv designed to study rare 
diseases, there is a tendency to include each forthcoming case in the study 
Naturally there will be enough control subjects available Therefore, selection 
procedures of cases and controls differ 
2.5.1 Case selection 
As indicated in section 2 2 3 it is preferred to perform case control studies on 
incident cases, being recently diseased To incorporate these patients in the 
study one depends on general practices, dental clinics and dental schools Case 
selection of patients from dental clinics includes a risk as described by Berkson 
(1946), the so called Berkson-fallacy, dealing with the etiology of gall-bladder 
complaints Cases are selected from a clinic of internal diseases As a rule, 
patients are referred bv general practitioners A general practitioner will not 
immediately refer a patient for complaints about his gall bladder However, if 
the practitioner expects complications (e g a diabetic) he tends to refer the 
patient The specialist samples gall bladder patients with a high degiee of 
diabetics and may draw the false conclusion that diabetes is associated with 
gall bladder complaints 'I he general practitioner is the confounder in this 
example 
I or practical use this means that it is only allowed to pmerform case control 
studies with patients of (dental) clinics, if the studied risk factors are not a 
reason for reference 
A general dental practitioner also has to deal with the Berkson-fallacv The 
fallacy is not caused by reference but bv self selection t o r instance a patient 
with vague CMD-complamts does not tend to consult the dentist Similarly 
vague occlusion complaints will not result in consultation However, if C M D 
complaints and occlusion complaints occur simultaneously a consultation of 
the dental practitioner is more likely A case-control study on enologie factors 
of C M D might conclude a false association of C M D and occlusion complaints 
A medical survey is also a possibility to obtain cases In general it is impossible 
to select incident cases, except for patients without complaints and less 
inconvenient symptoms 
2.5.2 Selection of controls, stratification and matching 
Cases are selected from hospitals, general practices or from a sur\ey Controls 
are naturally always available in the population as such, allowing random 
sampling This is not always simple because the area of the medical attendance 
of the clinic in question is often undefined It is obvious therefore, to select 
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controls from the same origin, though problems may arise in selecting real 
normal individuals from clinics. 
To exclude well-known confounders it is advised to equalize the control 
samples with regard to these confounders. To achieve this, confounders arc 
stratified (e.g. age-groups) in order to define different strata of the population. 
This procedure is known as "stratification". For example: if 13% of the cases 
consist of the group: age range 40-49 years, the female gender and low SES. 
Then also 13% of the controls have to fit in this group. If such strata are 
considered to be not exact enough, matching might be applied. Matching is 
defined as a more detailed type of stratification. Each case is his own stratum 
and controls having equal values on the matching criteria are selected. It 
depends on the circumstances whether an equal number of controls is chosen 
or that the control ratio is higher. If for instance anamnestic examinations are 
time consuming, it is most efficient to select as much controls as cases. If on the 
contrary it is expected to select only a few cases and examinations are relative 
simple, it is advised to select more controls for each case. Λη extreme case-
control ratio is not (very) efficient. The expected number of cases may be too 
small to find even strong ctiologic factors and a case-control study has no 
sense. In that situation a so-called "power study" is required. 
Noteworthy disadvantages of matching arc: 
- the impossibility to distinguish cases and controls on the basis of a variable 
used as a matching criterion; 
- the elimination to study the individual contribution of a matched factor to 
alter the risk of disease; 
- the impossibility to investigate interactions between other study factors and 
matching variables; 
- overmatching leads to an inefficient study. 
The objective of matching is the elimination of biased comparisons between 
cases and controls which can be accomplished by statistical analyses 
corresponding to the matching procedure. Such statistical analyses are 
explained in the next section. 
2.6 STATISTICAL ANALYSIS IN CASE-CONTROL STUDIES 
Statistical analysis procedures in case-control studies depend mainly on: 
- data characteristics 
- research design 
- aims of the study. 
Data characteristics 
It is mainly the level of measurements which determines the statistical 
possibilities. Different types of scales to record a measured factor can be 
distinguished, as follows: 
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- dichotome scale = two possibilities of classification: i.e. yes or no, man or 
woman, positive or negative, present or absent; 
- nominal scale = classification without ranking i.e.: north-south, east-west, or 
bridge - removable partial denture - spoon denture; 
- ordinal scale = ranking scale: not - a little - severe (diseased); 
- metric scale = measurement expressed in unities: maximal mouthopening -
DMFS. 
Statistical analyses have to be adapted to the level of measurements of the 
disease, the risk factors and the confoundcrs. 
Research design 
Stratification, matching and number of controls have to be taken into account. 
Aims of the study 
Important questions are: Is the disease expected to have a multifactorial 
etiology? Is synergism likely to occur, or is antagonism more probable? In 
other words, must interaction be considered? Are there confoundcrs to be 
taken into account afterwards? 
In first instance the statistical principles in case-control studies will be 
demonstrated on a dichotomized disease ( D + or D~), a dichotomized risk 
factor ( F + or F") and a small amount of confoundcrs composing a limited 
number of classes (i.e. young men and women, middle aged men and women, 
old men and women), where some type of table-analysis is likely to be applied. 
Multivariate analysis as a rule is indicated for more complex questions with 
metric variables (e.g. logistic regression), allowing the study of simultaneous 
interaction of etiologic factors and confoundcrs. In general, it is sensible to 
start data analysis with simple statistical procedures before the multivariate 
adventure is tried. Elementary statistical analyses provide insight into the most 
important influences and enables to become familiar with the data' (more 
detailed information, see Schlesselman, 1982). The next sections present an 
introduction to the analysis of case-control studies. 
2.6.1 No confounding 
Confoundcrs do not always play an important role in case-control studies. 
Sometimes the etiologic investigation is focussed on a known risk group (e.g. 
middle aged men with good oral hygiene). No special confoundcrs have to be 
considered. Stratification or matching is out of the question. Disease and risk 
factor are dichotomized and the data are given as a 2 χ 2 table (see Table 2-3 
including a, b, с and d). An estimate of the odds-ratio is given by the sample 
odds-ratio ψ = ad/bc. The estimation is indicated by the ' -symbol. The 
difference between the sample value ψ and the population value ψ is due to 
sample fluctuations. It is interesting to have an impression of possible 
deviations of ψ with respect to ψ (the error of ψ). This error depends on the 
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sample sizes in the case-control study. The error in ψ will be small if a, b, с and 
d are large numbers. 
The most simple approximation for the error in ψ is not given for ψ itself but 
for 1η(ψ) (Woolf, 1955)_b£ 
с = error 1η(ψ) = V(ï/a + l /b + l/c + ï /d) . 
A confidence interval for ψ based on the error in 1η(ψ), may be calculated using 
the exponential function (= antilog). In addition the error in 1η(ψ) may be 
interpreted as the relative error in ψ as indicated in table 2-7. 
Tabic 2-7 Example of the estimate ψ of the odds-ratio in a case-control study 
including the pcrcentual error. 
D' D + 
F" 100 25 
Γ
+
 40 50 
ψ = (100χ50)/(40χ25) = 5.0 
с = error m 1η(ψ) = VI/lOO +Ϊ/25 + ΐ74θ"+ 1/50 = λ/ 0.095 = 0.31 
error in ψ = 31% 
The example of tabic 2-7 illustrates a reasonable uncertainty about the real 
value of ψ (error = 31%!), even when the samples are rather large (n = 215). 
Consequently publication of odds-ratios without confidence intervals have no 
sense. Apart from the quantification of risk (odds-ratio + error) it is also 
possible to test the association of the disease and the risk factor directly, by 
means of the wellknown X -test. 
2.6.2 Stratification 
The difference in the odds-ratio in the total table and the odds-ratios in the 
subtables after stratification is due to confounding as outlined in section 2.4.2. 
For that reason a statistical analysis (e.g. according to section 2.6.1) of the total 
table in a stratified case-control study has no sense. It is essential to take 
stratification into account. 
This is achieved by the analysis of the 2 x 2 tables for each stratum (i). The 
symbols in these tables arc provided with a subscript as depicted in table 2-8. 
It is obvious to study the average values of the series of ψ,. In general the 
subgroups will have equal sample sizes. Subsequently the odds-ratios of large 
subgroups will have more precise values than the odds-ratio of a small 
subgroup. As a consequence the estimation of the overall odds-ratio ψ of a 
stratified case-control study is calculated as weighted averages of the subgroup 
specific odds-ratios (ψ,), noted: 
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Tabic 2 8 Observations and estimations in the ι ih subgroup of a stntificd case 
control studv (n, = si/c ol subsamplc e g all middle aged men with high SI S) 
I 
Г + 
total 
D-
a, 
D+ 
ь, 
d, 
total 
«• 
ψ, = аД/Ь.с, 
t = error In (ψ,) = λ l/a, + l/b, + l/c, + l/d, 
ψ = Σ w, ψ / Σ w. The weights (w,) are roughly proportional to the sample 
si7es n, 
This procedure is called the Mantel-Haenszel method (Mantel and Ilaens/el, 
1959) As a part of the procedure a test of significance to examine the 
association of disease and risk factor as well as a computation of the error (e) of 
the final odds ratio has to be performed 
O n l y if all subgroups have moie or less the same odds-ratios, the resulting 
odds-ratio ψ,,,], will be well interpretable If these conditions are not fulfilled 
the overall odds ratio (ψ,,,ι,) does not apply for any of the subgroups 
Subsequently the association of disease and the enologie factor has to be 
specified in more detail To test heterogeneity of the odds ratios, a test for 
heterogcneit) of odds ratios is available 
In case of heterogeneity (- inteiaction), the confoundci is called "effect-
modifier", since the effect of the risk factor is dependent on the subgroup 
2.6.3 Adjustment for confounding afterwards 
If a certain factor С is suspected to be a confounder this can be verified by the 
statistical confounder procedures as desciibed in section 2 4 2. Adjustment for 
confounding can be performed b> application of the Mantel-Haenszel method 
(section 2 6 2) I h c factor С is a confounder if the odds-ratio after adjustment 
differs from the odds-ratio of the total table The X-tes t is also suitable to 
study the association of С with I and С with D С is no confounder if both 
associations arc absent 
2.6.4 Matching: one control per case 
Matching means pairing of cases with suitable controls It is obvious to 
considei the pairs of cases and conti ois as the unit to perform statistic analyses 
instead of analysing the individuals of the sample Suppose that, apart from the 
matching entena, no more confounders aie involved, the only remaining 
variable in a case-control study with matched pairs is the observed risk factor 
This factor can be absent (") or present ( + ) I our combinations of risk factors 
are possible for the involved pairs (" ), (~+), ( + ) and ( + + ) This is illustrated in 
the next example The disease is gingivitis ( D + , D") The risk factor is eating 
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sweets (F + , F"). From the 162 pairs in 80 pairs both individuals are exposed 
( + + ) and 40 pairs are non-exposed (""). Of 30 pairs the cases arc exposed and 
the controls are non-exposed (+~). 12 pairs are composed of non-exposed cases 
and exposed controls (~+). Two different tables may be composed. First a table 
based on matched pairs (table 2-9) and next a table based on the individual 
participants (table 2-10). 
Table 2-9 Data of a case-control study with matched pairs (n = 162). 
cases ( D + ) 
F" 
comrols Ρ 40 
(Ο") I : + 12 
total 52 
Tabic 2-10 Data of л case-control study with 
cases and 162 controls: η = 324). 
riskfactor (F) control (D") 
Ρ 70 
Ρ 92 
total 162 
F+ 
30 
80 
ПО 
total 
70 
92 
162 
matching based on the part icipants^62 
case ( D + ) 
52 
110 
162 
total 
122 
202 
324 
Comparing the marginal data of table 2-9 and 2-10, matching is not expressed 
in table 2-10. This table is based on the participants and will not produce 
correct odds-ratios. Table 2-9 is based on matched pairs and is suitable to 
produce the odds-ratio. However, this table is totally differently structured 
compared with table 2-10. The usual formula of ψ does not apply. Strictly 
considered the scores 40 and 80 of table 2-9 are not very interesting because 
cases and controls are equal with regard to the risk factor (so-called concordant 
pairs), whereas specially the differences of cases and controls are important. 
The scores 30 and 12 (the so-called discordant pairs) have to solve the problem. 
In this example F' is a risk factor because of the relative large amount of 
exposed cases (F+) in these discordant pairs (30 versus 12). 
In general the data based on matched pairs will be given as shown in table 2-11. 
If В > С there are relative more non-exposed (I-'") cases which means F to be an 
inhibiting factor. If С > В there are more cases exposed (F+). F is than 
concluded to be a risk factor. 
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Table 2-11 Data in a case-control study based on matched pairs 
cases (D+) 
F- F+ 
controls F" A В 
(О") F + С D 
It is obvious that the quotient C/B estimates the relative risk, of factor F. In fact 
C/B estimates the odds-ratio (ψ). 
So: ψ = C/B and error in 1η(ψ) = V(l/B + VC). 
The error in 1η(ψ) may again be interpreted as a relative error in ψ. In this 
design the test of McNemar may be applied to study the association of disease 
and risk factor. This test is equivalent to the well-known Sign-test for the 
equality of В and C. 
Application of the preceding method to the data of table 2-9 leads to: 
ψ =30/12 = 2.5. 
Error in 1η(ψ) = Vl/30 + 1/12 = 0.34 i.e. error in ψ = 34% 
McNemar X2 = (30 - 12 - 1)7(30 + 12) = 289/42 = 6.9, which is significant. 
Calculation from table 2-10 leads to: the odds-ratio ψ = (70 χ 110)/(92 χ 52) = 
1.61. This means an underestimation of the real odds-ratio. Again table 2-10 is 
unsuitable for further calculations. 
2.6.5 Analysis of the CMD-data 
The statistical procedures described in this chapter are applicable in the simple 
situation of one dichotomeous disease, and risk variable. In the study of CMD, 
as in most case-control studies, these procedures are not sufficient for two 
reasons. 
- The disease studied may be multifactorial, involving several risk factors. This 
requires multivariate techniques, including the study of interaction for the 
detection of effect modifiers. 
- Risk factors are often not dichotomeous. This means that not a simple 
relative risk (or odds-ratio) exists, but that the risk has to be expressed as 
increase in relative risk per unit of the risk factor. 
Statistical techniques available for these problems are the different types of 
discriminant analyses. Linear discriminant analysis is equivalent to multiple 
regression analysis, explaining the dependent variable (i.e. the dichotomeous 
disease) from several dichotomeous or metric (dependent) risk factors. The 
regression coefficients, however, are not interpretable as measures for risk. 
Logistic regression, analysing the odds of the disease, is directly applicable in 
case-control studies. In the case of dichotomeous risk factors, the logistic 
regression and log linear models, however, are very time consuming for the 
computer. In the study of CMD the following procedure was applied: 
First a stepwise multiple regression analysis was used in order to test the 
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influence of the different risk factors The p-values were corrected according to 
Bonferrom, in order to avoid false significant risk factors 1 he number of risk 
factors was too large to study also interactions In such stepwise multiple 
regression analysis the distinguished confounders were entered into the 
regression equations before the stepwise search procedure started 
Secondi), the selected significant risk factors were dichotomized and entered 
into a log linear model, to test interaction (effect modifying) and to calculate 
confidence intervals for odds ratios 
2.7 EVALUATION OF CASE-CONTROL STUDIES 
The observational character of case-control studies implicates two major 
problems bias (information bias, recai bias, selection bias including Berkson-
fallacy, misclassification) and confounding If these problems are properly 
taken into account, the study will be internal valid, it is solid and sensibly 
performed It is, however, impossible to estimate whether the results arc now, 
or in the future, right or wrong bstimation of external validity in case control 
studies is impossible Whenever different investigators focus on different 
aspects in different countries and obtain comparable results, extern vahditv has 
to be admitted brom this point of view case-control studies are most 
promising 
2.8 SUMMARY 
Knowledge of the etiology is of prime interest to provide adequate prevention 
and therapy to the disease in question 
The double blind randomized clinical trial is the most direct (experimental) 
research design to study the etiology However, this design is not suitable to 
study the multifactorial, partly psychological, etiology of CMD with often 
subclinical signs and symptoms Because of the characteristics of CMD, it is 
concluded that observational studies are to be preferred 
In this chapter, etiology related terms as causality (the cause has to precede the 
effect in time), monocausal-, and multicausal thinking are explained Next, 
definitions, advantages, limitations and the application of different types of 
observational etiological studies are outlined Besides, the probability and the 
quantification of risk of these different types of studies arc presented Since the 
case-control study design is nowadays the most promising design, but 
relatively unfamiliar to the dental profession, attention is paid to the specific 
methodological problems I urthermore, selection of participants and statistical 
procedures in case control studies are outlined 
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3 THE PILOT STUDY 
3.1 I N T R O D U C T I O N 
Based on both the objectives of the study as well as the methodological aspects, 
C M D will be studied in a nationwide survey (prevalence) and a nested case-
control study (etiology) A detailed description of the design of the nationwide 
survey including the case-control study is presented in section 5.2 and 6.2. In 
this chapter the pilot study with a similar design is described 
The aims of the pilot study were: 
- to test the measuring instruments 
- to get familiar with, and to assess the research protocols 
- to test the case and the control selection methods 
- to verify the control matching procedure 
- to get a preliminary insight into the risk indicators. 
The pilot study was performed at the dental school of the University of 
Nijmegen (De Kanter et al., 1986). The consequences for the main study, based 
on the results of the pilot study, arc presented in section 3 4 Since most of the 
measurements of the pilot study and the main study were the same, all the 
measurements are described in section 3 3. I'or convenience, it is indicated 
whether the measurements were performed in the pilot study, the nationwide 
survey or the case-control study. 
3.2 MATERIAL 
3.2.1 The sample 
In a four months period all patients visiting the diagnostic clinic of the 
Nijmegen dental school (n = 1155) were asked by questionnaire concerning the 
functioning of their stomatognathic system The questionnaire consisted of 8 
questions to existing complaints of C M D . O n e question concerned possible 
dysfunction complaints in the past (appendix A). 
The age and gender distribution of the sample is depicted in fig. 3-1 The male-
female latio was 1-1.8. Twelve subjects were excluded from the analysis because 
they were too young (8) or too old (4). 
3.2.2 Case and control selection 
The pilot studv was set-up as a case-control design. The case and the control 
selection was performed by л multiple choise questionnane. This questionnaire 
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assessed the anamnestic signs and symptoms of CMD (section 3.3.1.1), and was 
completed by all the patients. The questions were based on the anamnestic 
examination of Helkimo (1974). Modifications aiming at the recording of actual 
signs or symptoms were added. Terms as: "recently experienced" and "the last 
few weeks" were incorporated into the questionnaire. In this way the chance of 
selecting cases with complaints at time of the examination was guaranteed. 
Subjects answering three or more questions positively were considered to be 
cases and were involved to the detailed examination of CMD. The controls had 
to meet the condition to be free of CMD at examination (all questions negative) 
as well as in the past ("no never experienced any of those complaints in the 
past"). Matching of the cases and the controls was performed based on the 
stratification characteristics: age, gender, SES and dental status. The case-
control subsample, consisting of subjects meeting the above mentioned 
selection and matching criteria was further studied and analysed. 
ESI c5 SS 9 
15-19 20-24 25-29 30-34 35-44 45-54 55-64 65-74 
Fig. 3-1 Age and gender distribution of the subjects in the pilot study (n = 1143). 
3.3 METHOD 
The examination for CMD was divided into anamnestic and clinical measure-
ments.The anamnestic examinations (3.3.1) were performed by questionnaire. 
The questions concerned the signs and the symptoms, and the subjects 
experience of CMD. Besides an inventory of CMD-related factors was 
included. Clinical examination (3.3.2) was focussed on signs and symptoms of 
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CMD as well as on CMD-related factors An overview of the measurements 
related to the application in either the pilot study, the nationwide survey or the 
nested case-control study is presented in table 3-1 
3.3.1 The anamnestic examination 
The anamnestic examination was based on internationally used CMD-
questionnaircs as available in 1983 (table 3-2) Modifications were added with 
the aim to collect more precise and detailed information (section 3 2 2; 
appendix А, В and C) 
Table 3 2 Items of questionnaires with regard to CMD, according to first author 
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Tabic 3-1 Ihc examination used in this stuch, accoidmg to ipphcation in die pilot (P), 
mtionwidt (NW) and the case-control (CC) studv 
examination 
anamnestic 
- actual signs and зл mptoms 
- t rc i tment need 
- C M D histor) 
- CMD-rclatcd factors 
clinical 
- signs and sv mptoms 
- CMD-relatc-d h c t o r s 
Ρ 
+ 
+ 
+ 
complete 
complete 
NW 
+ 
+ 
-
parmi 
partial 
CC 
+ 
+ 
+ 
+ 
complete 
complete 
The questions were clustered and arc presented as follows signs and symptoms 
of C M D at present, and in the past (3 3 1 1), the subjective treatment need 
(3 3 1 2), the CMD-history (3 3 1 3), and the CMD-relatcd factors (3 3 14) 
The questionnaires were tested during the pilot study 
3.3.1.1 The anamnestic examination into signs and symptoms of CMD 
The anamnestic assessment of C M D concerned recently experienced signs and 
symptoms Just two questions informed about signs and symptoms in the past 
The questionnaire is presented in table 3 3 
Table 3 3 Questionnaire for the examination of signs and symptoms of C M D 
Did you expeiience recently joint sounds during movement of the Іоъ.er ¡αν 
(e g іьЬеп eating orya~u.ning)? 
no joint sounds 
joint sounds, not inconvenient 
joint sounds inconvenient 
Do you have pain in the 7 M J on movement of the loiter jaiv (eg opening-
closing or left-right movement)? 
no pain on movement 
pain on movement 
Do you have pain in the TMJ on extreme opening of the loiter jab. (eg 
yarning, big bites, or long lasting opening of the mouth)? 
. no pain on extreme movement 
pain on cxtiemc movement 
Did you expeiience recently pain or tenderness m the 1MJ during mastication? 
. no pain and no tenderness during mastication in the 1 MJ 
pain on mastication in the TMJ 
tenderness on mastication in the TMJ 
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Did you experience recently pam or tenderness in the masticatory muscles 
during mastication? 
. no pain and no tenderness duiing mastication in the masticatory muscles 
. pain on mastication in the masticatory muscles 
. tenderness on mastication in the masticatory muscles. 
Are you able to provoke pain at the TMJ-side 01 in the masticatory muscles if 
you clench your teeth firmly during 10 seconds? 
. no pain during 10 seconds clenching 
. pain in the TMJ and or pain in the masticatory muscles 
Did you experience a dislocation or a tendency to a dislocation of the loiter jaij 
during the last bjeeks? 
. no dislocation of the lower jaw during the last weeks 
. dislocation or tendency to a dislocation of the lower jaw during the last 
weeks. 
Did you experience a locking of the lover ¡au, during the last veeks? 
. no locking of the lower jaw during the last weeks 
. locking of the lower jaw during the last weeks. 
If you do not have one or more of these complaints at this moment, did you 
ever experienced them in the past? 
. no never expencnccd any of those complaints in the past 
. yes I (also) experienced any of those complaints in the past. 
If you have had the mentioned complaints (¡oint sounds, lover jam mobility 
problems, pain or tenderness of the TMJ o> masticato}y muscles) in the past, 
vhat did you do, vhat happened? 
I attended the dentist for treatment 
. I attended the physician for treatment 
. I attended a specialist tor treatment 
. the complaints passed away of their own 
. I had and still have those complaints 
. I do not remember what happened 
(other answer). . 
3.3.1.2 The subjective treatment need 
Treatment need data were collected by means of three questions added to the 
questionnaire (table 3-4). In consequence, the registration of the treatment need 
is related to the presence of the subjective signs and symptoms. This meant that 
the treatment need could only be assessed of those subjects with anamncstically 
recorded signs or symptoms of CMD, independently of the presence of 
clinically rcgistratcd signs or symptoms The route of questionning is depicted 
in fig. 3-2 The questions are presented in table 3-4 
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subjective 
treatment need 
Fig. 3-2 The route of questionnmg the subjective treatment need. 
Table 3-4 Questions to the subjective treatment need of C M D . 
Do you intend and think it is necessary to visit your dentist or physician ivith 
your CMD complaints (clicking - mobility incapacity -pain - tenderness): 
. no I do not think it is necessary 
. yes I think it is necessary and I intend to visit a dentist or a physician 
. yes I think so, I am under treatment by the dentist 
. yes I think so, I am under treatment by the physician 
. the dentist treated me, but I still have complaints 
. the physician treated me, but I still have complaints 
. other answer: . . . 
If your complaints increase, whom would you visit (again): 
. the dentist 
. the physician 
. the specialist 
. I do not know. 
If you (also) have had CMD complaints in the past, did you visit: 
. the dentist 
. the physician 
. the specialist 
. other answer: . . . 
3.3.1.3 The CMD-history 
To get insight into the CMD-history, the subjects were asked, independently of 
their selection as a case or as a control: first if they had CMD-complaints, if so, 
they subsequently were asked if they knew how the dysfunction started and 
with which factor they thought it was related to. Further to whom they 
eventually went for treatment, and if so, how many times they asked for 
treatment. In case of treatment they were also asked what kind of treatment 
they had received. The route of questionning the CMD-his tory is depicted in 
fig. 3-3. The questions to the CMD-history are presented in table 3-5. 
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actual signs and 
symptoms of CMD 
-signs and symptoms 
of CMD in the past 
CMD-complamts ves 
no 
vledgc 
of origin/characteristics __' ves 
professional aid 
no 
1 
which factor? 
- dentition 
-TMJ 
muscles 
stress 
• trauma 
other: 
yes 
who/how many times? 
- dentist 
- physician 
- surgeon 
- ph) siotherapist 
- mesmerist 
treatment (un)successful? 
kind of treatment? 
- information/explanation 
- instruction/exercises 
- selective grinding 
- splint therapy 
QUESTIONS ΟΓ CMD-RELATED FACTORS (section 3.3.1.4) 
Fig. 3-3 The route of questioning the CMD-htstory. 
Table 3-5 Questions to the CMD-history. 
Do yon have CMD-tomplamts поъ. ('I'MJ-pioblems or pain and or tcndernas 
in the maituatoty muscles)? If so, for hoz, long. 
Do you (still) know ho-u, the CMD-complamts started and if so, do you think it 
is related to: 
. the teeth 
. thcTMJ 
. the masticatory' muscles 
. stress and strain of daily life 
. an other possibility: .. . 
Did you ever attend one or more of the mentioned persons because of your 
CMD-tomplaints: 
. the physician 
. the dentist 
. the oral (and maxillofacial) surgeon the physical therapist 
. the mesmerist. 
Did you notice any benefit of the treatment and/or the attention you received 
concerning your CMD-complamts f 
Have you ever been informed about origin, nature and progress of your CMD-
complaints? 
Did you ever receive ¡αιυ movement instructions, ïi'ajnmgs to limitate the 
mouth opening? 
Did yout dentist ever grind your teeth in order to equilibrate the occlusion? 
Did you ever receive occlusal splint therapy? 
3.3.1.4 The CMD-related factors 
Based on the multifactorial character of CMD, the following CMD-related 
factors were recorded: general health, heridity, general arthrotic diseases, 
trauma, recently experienced changes in occlusion, clenching, bruxism, 
chewing capacity, stress and somatisation. 
The questions to assess the CMD-related factors are presented in table 3-6 with 
the exception of stress and somatisation. Stress was assessed by means of an 
existing questionnaire: the VRMG (Van de Willige et al., 1985) and recorded by 
the registration and the perception ot 116 recent life events in terms of 
pleasantness, and unpleasantness. The somatisation was specified by the 
questions belonging to the somat-scale of the HSCL of Derogatis et al. (1974). 
The somat-scale consists of 16 questions concerning general health complaints 
as perceived in intensity during the past eight days (a week). The stiess and 
somatisation questionnaires are presented in the appendix (appendix C). 
50 
Table 3-6 Questions to assess the CMD-related factors. 
General health. 
Have you been treated by a physician at this moment? 
Do yon take medianes? 
Have you been treated by a specialist? If so, -what type of specialist? 
Heredity. 
Do you have relatives (parents, brothers, sisters or children) expenenang signs 
or symptoms of CMD (for instance joint sounds, mandibular movement 
problems, pain or tenderness in the TM] or the masticatory muscles)? 
General arthrotic diseases. 
Do you suffer from rheumatic diseases? If so, for how long? 
Do you suffer from stifness of the joints? If so, for how long? 
Do you suffer from swollen joints? If so, for Ьоъ~ long? 
Do you have popping or noisy, jerky joints, for instance elbows or knees during 
movements? If so, for how long? 
Trauma. 
Have you been hit by an accident on your face or teeth during the last year? 
Recent occlusal changes. 
Did you notice eruption of new teeth (third molars) during the last year? 
Did you lose one or more teeth by extraction during the last year. 
Did you receive new occlusal fillings during the last year, that felt 
inconvenient? 
Are crowns or bridges inserted during the last year? 
Are removable partial dentures inserted during the last year? 
Did you receive (new) full dentures during the last year? 
Did your dentist grinded your teeth during the last year? 
Clenching and bruxism. 
Do you clench your teeth firmly together when you are occupied tensily? 
Do you brux or did someone made you aware of bruxing habits? 
Chewing ability. 
Do you have problems with chewing your food? 
3.3.2 The clinical examination 
Similar to the anamnestic examination, the clinical measurements were divided 
into measurements to diagnose CMD (3.3.2.1) and measurements to record 
CMD-related factors (3.3.2.2). Due to the general character of the nationwide 
survey, there were some differences between the clinical examination in the 
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pilot study and the main study. The differences are presented in table 3-7 and 
table 3-8. ' 
3.3.2.1 The clinical examination to diagnose C M D 
The clinical examination to diagnose C M D is based on the method of Helkimo 
(1974). In this section the measurements are described and illustrated. The 
description is subdivided into: the examined item, the measuring instrument 
(the tool), the procedure, and the score. In table 3-7 the application of the 
clinical examinations to diagnose C M D in the pilot, the nationwide, and the 
case-control sample is presented. All examinations were performed with the 
subject sitting in an upright position. 
Table 3-7 The clinical examinations used to diagnose CMD, according to application 
in the pilot (P), the nationwide survey (NW), and the case-control (CC) sample. 
examination 
deviation of the mandible 
joint sounds 
pain on movement 
palpation of musculature 
palpation of the TMJ 
mobility of the mandible 
Ρ 
+ (in mm) 
ν (stethoscope) 
+ 
+ 
+ 
+ (hor./verl.) 
NW 
+ (yes/no) 
+ (ear) 
+ 
+ (veit.) 
CC 
+ (in mm) 
+ (stethoscope) 
+ 
+ 
+ 
+ (hor./vcrt.) 
a Deviation of the mandible 
In the pilot and the case-control study the deviation of the mandible was 
rcgistratcd in mm by means of a transparant adjustable screen with a horizontal 
reference, and vertical measuring lines (fig. 3-4). In the nationwide survey the 
deviation was scored as absent or present. 
Fig. 3-4 Detail of the transparant screen with the 
measuring lines parallel to, and situated on both 
sides of the midline at a distance of 2 and 5 mm. 
The scores are depicted on the top of the original 
screen (0-4). 
Criterion 
A visual registration of the horizontal 
displacement related to the measuring lines of a 
markpoint on the chin of the subject during 
opening and closing movements of the 
mandible. 
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Procedure 
- The head positioned slightly backwards against the head rest. 
- The center of the chin was marked with a black dot (fig. 3-5). 
Fig. 3-5 The pointmarking on the center of the chin. 
- The measuring instrument was positioned as illustrated in fig. 3-6: 
. the vertical midline before the chin mark; 
. the horizontal reference line parallel to the interpupil line; 
. the transparant screen on approximately 1 cm from the chin. 
Fig. 3-6 The position of the adjustable transparant screen. 
- The observer registrated the deviation on a distance of approximately 1 
meter from the subject. 
- The subject performed 2 to 3 opening-closing movements. 
The following scores were used (fig. 3-4): 
0 = deviation < 2 mm, the mark remains between the three center most lines. 
1 = deviation 2-5 mm to the right, the mark moves between the two most left 
lines. 
2 = deviation > 5 mm to the right, the mark passes the outmost left line. 
3 = deviation 2-5 mm to the left, the mark moves between the two most right 
lines. 
4 = devation > 5 mm to the left, the mark passes the outmost right line. 
5 = deviation from < 5 mm to the right to < 5 mm to the left, the chinpoint 
moves between the two outmost measuring lines. 
53 
b Joint sounds 
The joint sounds were recorded by ear (nationwide survey) and by means of a 
stethoscope with two adaptors (pilot and case-control study). 
Criterion 
An auditive perception of the joint sounds during opening and closing 
movements of the mandible, differentiated for the left and the right joint. 
The procedure with the stethoscope was as follows: 
- Positioning of the adaptors in the location of the TMJ's (fig. 3-7), 
simultaneously on both sides. 
Fig. 3-7 The position of the adaptor on the TM]. 
- The subject performed opening-closing movements (maximum opening and 
tender closing in order not to interfere with occlusal sounds). 
- The observer perceived either sounds, or no sounds. In case of sounds the 
measurement was repeated for each joint separately. 
The following scores were used: 
0 = no sounds 
1 = joint sounds (clicking or crepitation) 
2 = vague, soft, undefined joint noises. 
с Pain on movement 
Pain on movement of the mandible was equally assessed in the pilot study, the 
nationwide survey and the case-control study. However, in the nationwide 
survey no distinction was made between either the left or the right side, nor the 
affected structure, being the TMJ or the masticatory muscles. Only presence or 
absence of pain on mandibular movements was scored here. In the pilot and the 
case-control study, the above mentioned differentiation was made tor each 
borderline movement separately. 
Criterion 
The individual's subjective experience of pain and discomfort in the TMJ or the 
musculature during extreme movements of the mandible. 
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Procedure 
- The subject was observed during the performance of the following sepa-
rately performed borderline movements of the mandible. 
. 3 times maximum mouthopening 
. 3 times maximum protrai movement of the mandible 
. 3 times maximum left lateral movement of the mandible 
. 3 times maximum right lateral movement of the mandible. 
- The observer payed special attention to the blinking of the eyes of the 
subject and the hand or the finger pointing on a painful spot during the 
performance of the separate mandibular movements (fig. 3-8 and 3-9). 
Fig. 3-8 Subject pointing at the TMJ. Fig. 3-9 Subject pointing at the musculature. 
- Each time after the third movement the observer asked: "did it hurt?" or 
"did it hurt somewhere?" 
The following scores were used: 
0 = no pain 
1 = pain. The subject showed or told it hurtcd 
2 = every other sensation not being pain, or no pain. For instance it felt 
tender; the left side felt differently to the right side; it maked only joint 
sounds but it was not painfull; the subject handpointed not at a specific 
place. 
d Palpation of the musculature 
Palpation of the musculature was only performed in the pilot and the case-
control study. 
Criterion 
Pain as indicated by the subject, provoked by palpation of the musculature. 
Procedure 
- The subject was informed about the procedure of the measurement. The 
observer explained as follows: "I will examine the chewing muscles by finger 
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pressure on several parts of the face. Please notice what you feel, notice if 
you feel a difference between the right and the left side of the face". 
- The observer payed special attention during the measurement to the subject 
(eyes and handpointing, notice pain on movements). 
- If the subject doubted or did not show clearly, a reexamination was 
performed. 
- The observer palpated simultaneously the left and the right side of the 
subjects' head and neck, as illustrated in fig. 3-10: 
. pressure with finger 2, 3 and 4 on the frontal muscles 
. pressure with finger 5 on the temporal muscles 
. pressure with finger 2 on the infraorbital foramen 
. pressure with finger 3 and 4 on respectively muscle and origin of the 
massetcr muscle 
. pressure with finger 2, 3 and 4 on the cervical musculature. 
Fig 3-10 Schematic overview of the muscle palpation. 
The following scores were used: 
0 = no pain 
1 = pain. The subject showed (blinked with the eyes) or told that it hurted 
2 - every other sensation not being pain or no pain. For instance it felt tender; 
the left side felt differently to the right side; the subject did not handpoint 
at a specific place. 
e Palpation of the temporomandibular joint 
The lateral and dorsal palpation of the temporomandibular joints during 
opening and closing movements of the mandible were also only performed in 
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the pilot and the case-control study. 
Criterion 
Pain as indicated by the subject, provoked by palpation of the TMJ's from 
lateral and dorsal. 
Procedure 
- The lateral palpation was performed with three fingers, the middle finger 
being positioned on the condyle. 
- The observer exerted a pressure of approximate 500 gr in the median 
direction on the condyle (fig. 3-11). 
Fig. 3-11 The lateral palpation of the TMJ, 
- The subject was instructed to open and close the mouth 3 times during this 
procedure. 
- The dorsal palpation was performed with the little finger in the external 
meatus acousticus. 
- The finger top was positioned for- and downward. The exerted pressure was 
again 500 gr (fig. 3-12). 
Fig. 3-12 The dorsal palpation of the TMJ. 
- The subject was observed during the opening and closing movements (3 
times). 
The following scores were used: 
0 = no pain, no hypermobility of the TMJ; no difference, left-right 
1 = pain. The subject showed or told "it hurted", "it was painfull" 
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2 = every other sensation not being pain or no pain (tenderness-feels different) 
3 = hypermobility of the TMJ palpable 
d = difference in sensation left-right. 
ƒ Vertical mobility of the mandible (maximum mouthopening) 
The maximum vertical mobility of the mandible was measured with a 
transparant plastic ruler in mm. This measurement was performed in all 
samples. 
Criterion 
The distance between the incisai edges of tooth 11 and tooth 41 at maximum 
mouthopening (corrected for overbite expressed in mm). 
Procedure 
- The subject was asked to open the mouth a little. 
Fig 3-13 Measuring the maximal mouthopening. y f /ν/ 
- The observer placed the ruler on the edge of the tooth 41 (fig. 3-13). 
- The subject was instructed to open the mouth as much as possible. The 
distance on the ruler was observed and the observer asked the subject at that 
time: "try to open still a little bit further". At that moment the distance in 
mm was scored. 
g Horizontal mobility of the mandible 
The maximum horizontal mobility of the mandible was measured in three 
directions: left, right and protrai. These measurements were performed in the 
pilot and the case-control study. 
Criterion of the protrai movement 
The distance expressed in mm of the buceo incisai surfaces of tooth 11 and 41 
in a maximum protrusive position of the mandible (corrected for ovcrjet). 
Procedure 
- The subject was instructed to move the mandible as much as possible 
forwards, and guided by the occlusion (the movement was demonstrated by 
the observer if necessary). 
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- The observer placed the ruler upside-down on the buccal surface of tooth 11 
and recorded the distance on the ruler at the buccal surface of the 
corresponding tooth of the lower jaw (fig. 3-14). 
Fig 3-14 Measuring the protrai movement; notice the position of the ruler. 
Criterion of the lateral movements 
The distance expressed in mm of the maximum left and right movement of the 
mandible. 
Procedure 
- The observer marked a reference point of the maxillary midline on a 
mandibular incisor in intercuspal position (maximum occlusion) (fig. 3-15). 
Fig. 3-15 The marking of the maxillary midline on a corresponding mandibular incisor. 
- The subject was instructed to move the mandible, guided by the occlusion, 
as much as possible to the left and to the right (the observer demonstrated 
the movement if necessary). 
- The observer placed the ruler buccal at the maxillary midline and measured 
the distance between the maxillary midline and the mandibular reference 
point. The ruler was positioned parallel to the interpupil line (fig. 3-16). 
Fig. 3-16 ¡Measuring the lateral movement. 
- The left and right lateral maximum movements were separately measured 
and recorded in mm. 
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3.3.2.2 The clinical examination of CMD-rclated occlusal factors 
Many factors are considered to be C M D related (section 1.4). This section deals 
with the occlusal factors. The clinical examination was focussed on 
morphologic factors of the occlusion, occlusal contact relations and the quality 
of the occlusal surfaces. Table 3-8 shows the clinical examination of the occlusal 
factors in the different studies 
Tabic 3-8 Clinical examination of the CMD-rclatcd occlusal factors in the pilot (P), 
nationwide (NW) and the case control (CC) study 
examination Ρ NW CC 
morphologie occlusal factors 
- ovcrbite/overjet + + + 
- Angle classification + + 
- crowding - + + 
occlusal contact 
- number/location of teeth + + + 
- occlusal contact + partial + 
occlusal guidance + - + 
- occlusal interferences + - + 
occlusal surface (¡uahty 
- filled surfaces + + 
crowned surfaces - + + 
- removable prostheses - + + 
- wear + - f 
a Overbite 
The overbite was expressed in the number of third parts overlap of the clinical 
crown of the lower incisors by the upper anterior teeth. 
Criterion 
An estimate of the vertical overlap of the lower teeth by the upper anterior teeth. 
Procedure 
- The projection of the incisai edge of the upper teeth m intcrcuspal position 
was marked with a pencil on the lower incisors. 
- The subject was asked to open the mouth and the marked overlap was 
estimated in third parts of the lower incisors. 
The following scores were used (fig. 3-17): 
0 = overlap < 1/3 of the visible crown starting from the incisai edge 
1 = overlap mark located > 1/3 and < 2/3 of the visible crown 
2 = overlap mark located > 2/3 and < 3/3 of the visible crown 
3 = overlap > the visible crown 
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4 = no overlap present; vertical open bite with a comparable distance of < 1/3 
of the crown of the lower incisor 
5 = no overlap present; vertical open bite with a comparable distance of > 1/3 
and < 2/3 of the crown of the lower incisor 
6 = no overlap present; vertical open bite with a comparable distance of > 2/3 
of the crown of the lower incisor. 
Fig. 3-17 Schematic depiction of tbc score of the overbite. 
b Overjet 
The overjet was measured with a transparant plastic ruler and expressed in 
millimeters. 
Criterion 
The distance between the projection of the buccal surfaces of the upper and 
corresponding lower incisor. 
Procedure 
- The measurement was performed in intcrcuspal position. 
- The ruler was placed on the buccal surface of the lower incisors (maxillary 
overjet) or upper incisors (mandibular overjet) (fig. 3-18). 
- The distance of the projection of the buccal surface of the corresponding 
incisor was estimated and scored in mm. 
Iig. 3-18 Schematic depiction of maxillary overjet (a, b, c) and mandibular overjet (d). 
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с Angle classification 
The relation between the lower and upper cuspids was unilaterally observed 
and was expressed in differences of 1/2 premolar width with respect to the 
Angle classification. 
Criterion 
A recording of the location of the first lower premolar in relation to the upper 
cuspid and the first upper premolar (in intercuspal position). 
Procedure 
- The subject was asked to close the mouth. 
- The location of the first lower premolar was observed related to the 
approximal contact of the first upper premolar and the maxillary cuspid. 
The following scores were used (fig. 3-19): 
0 = neutro-occlusion 
1 = 1/2 premolar width disto-occlusion 
2 = > 1 premolar width disto-occlusion 
3 = 1/2 premolar width mesio-occlusion 
4 = > 1 premolar width mesio-occlusion 
N = absence of cuspid(s). 
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Fig 3-19 Schematic illustration of the cuspid relation scores 0-4. 
d Crowding 
Crowding was observed in both the upper and the lower jaw. The crowding 
measurement was focussed on incisors and cuspids. If one of these teeth were 
absent, crowding was not recorded. Models of different dentitions were used as 
references for the score possibilities. 
The following scores were used: 
0 = crowding absent or < 2 mm crowding 
1 = crowding > 2 mm and < 5 mm 
2 = crowding > 5 mm 
9 = spacing 
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e Number, location and quality of the teeth 
I'ull mouth recording of the presence of the teeth was performed in the 
nationwide survey Absence of the teeth was also scored and persisting open 
spaces or replaced teeth were quantified and qualified The possible reason of 
absence of premolars and third molars was given by the subject. 
In case of absence of the premolars the subject was asked whether extraction 
was performed for orthodontic reasons With respect to the third molars the 
subject was asked if the third molar was cither removed or not erupted. 
The following scores were used 
- Presence of teeth. 
r = radix- less than two axial surfaces present 
e = presence of a badly broken-down or penodontal ly involved tooth 
(extraction indicated) 
f = presence of a fractured tooth 
h = presence of a composit restored, previous fractured tooth 
ι = presence of a tooth with a cast restoration (inlay) 
j = presence of a crown on a previously fractured tooth 
к = presence of a crown on a previously decayed tooth 
m = presence of a persisting primary tooth 
ρ = partially erupted tooth 
w = functional radix (overdenture) 
ζ = presence of a tooth (premolars/molars) with composite filling 
- Absence of teeth 
с = absence, extracted for periodontal or canes reasons 
a = absence, probably agenetic or impacted 
q = absence, extracted foi orthodontical reason 
0 = absent, no open space left 
1 = absent, open space left of 1 premolar width (> 0.5 ps 
2 = absent, open space left of 2 premolar width (> 1 5 ps 
u = replacement of tooth by removable prosthesis 
d = replacement of tooth by fixed prosthesis (dummy) 
b = replacement of tooth by adhesive bridge. 
ƒ Interdigitation of the posterior teeth 
The interdigitation of premolars and molars was observed and assessed if at 
least three of each tooth type were present Both the left and the right side were 
scored 
The scores, illustrated in fig. 3-20, were 
0 = stable interdigitation 
1 = unstable interdigitation (sagittal and/or transversal) 
2 = partial open bite 
- < 1 5 ps) 
- < 2 5 ps) 
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Fig 3-20 Illustration of the postenor interdigitation scores 
g Extrusion drift of the molars 
Suprapositioncd first or second molars, due to the absence of antagonists, were 
recorded on the left and the right side. The extrusion was observed and 
estimated in relation to the occlusal plane. Recording was only performed if the 
antagonistic teeth were absent. In tase of more extruded molars the most severe 
situation was scored. 
The following scores were used: 
0 = no extrusion present 
1 = supraposition of < 2 mm 
2 = supraposition of > 2 mm. 
h Recording of the occlusal contact 
In the pilot and the case-control sample the occlusal contact of each tooth was 
measured with an Artus® occlusal registration strip of modified dimensions 5 χ 
20 mm (thickness 0.013 mm). 
In the nationwide survey only the anterior contact was examined. The different 
methods and scores were as follows: 
The measurement as performed in the case-control study: 
The (im)possibility to remove an Artus® strip situated between an occluding 
pair of teeth in intercuspal position. 
Procedure 
- The measurement was performed with removable prostheses in situ. 
- The subject was informed about the measurement. The subject was asked to 
open the mouth a little before each measurement and than to occlude. 
- The observer fixed the Artus® strip in a pair of twec7crs and placed it on the 
lower teeth. Each cusp and incisai ridge was measured (fig. 3-21). 
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/•"/g. 3-21 Measuring the occlusal contacts with an Artus® strip. 
The following scores were used: 
0 = no occlusion, the strip was not fixed by the subject (in molars, 2 
measurements (cusps) had to be scored "zero") 
1 = contact, the strip was fixed by the subject (in case of molars, the second 
measurement was not performed if the measurement of the first cusp 
revealed occlusion) 
N = no teeth present, no replacement of teeth by removable or fixed 
prosthesis. 
The measurements performed in the nationwide survey consisted of a 
recording of the type of contact of the anterior teeth in intercuspal position. 
The recording was performed by observation as such, and in doubtfull cases by 
means of a plastic strip (thickness 0.10 mm). 
The following scores were used: 
0 = no anterior contact present 
1 = anterior contact present 
2 = tender contact on palate 
3 = severe contact on palate. 
i Occlusal guidance 
Guidance of the occlusion was differentiated into the protrusive movements 
and the lateral (left and right) movements. The lateral movements were scored 
either cuspid guidance or group function. Mediotrusive side interferences were 
also recorded. 
Procedure 
- The subject was instructed to perform tooth guided lateral mandibular 
movements. The maximum lateral movement was approximately 3 mm. The 
guidance of the occlusion was observed during the movement (fig. 3-22). 
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Fig 3-22 Occlusal guidance: cuspid guidance (a), group }unction(b). 
- Next, the subject was asked to hold the mandible in the lateral position and 
the mcdiotrusive side was observed and checked for mediotrusive 
interferences. If an interference was not evident absent, a plastic strip was 
situated at the inactive side between the most dorsal occluding pair of 
molars. By means of a pair of tweezers, a lateral traction on the strip was 
executed during the lateral movement of the mandible. Holding or loosening 
of the strip during the movement was interpreted as presence or absence of 
mediotrusive contacts. The tooth guided protrusive movement was similarly 
examined. 
- The subject was asked to move the mandible forward, guided by the 
occlusion, toward the end-to-end position of the incisai edges. Presence or 
absence of incisai contact in end-to-end position was observed. The plastic 
strip was applied as in the lateral movements in case the incisai contact was 
not evident present or absent. 
The following scores of the lateral movements were used: 
0 = cuspid guidance without mediotrusive contacts 
1 = cuspid guidance with mediotrusive contacts 
2 = group functioning without mediotrusive contacts 
3 = group functioning with mediotrusive contacts. 
The scores of the protrusive movement were: 
0 = incisai contact absent 
1 = incisai contact present. 
/ Premature contact and centric slide 
The measuring instrument 
Periodontal receptors of the subject, feeling of the observer. 
Criterion 
The (first) contact of any lower tooth with an upper tooth in centric relation 
(retruded contact position) as indicated by the subject and perceived by the 
observer. The recording was dictated by the location of the contact. If a 
premature contact was present, the direction of the subsequent slide was also 
scored. 
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Procedure 
- The subject was seated in an upright position and asked to relax and to take 
notice of a "first contact" of the teeth during the guided closure performed 
by the observer (fig. 3-23). 
Fig. 3-23 Guided closure method: frontal view (a), lateral view (b). 
The presence of a premature contact had to be confirmed by a second 
measurement. 
When a premature contact was present, it was further observed if it caused a 
slide. 
- To observe the occlusal slide, the subject was asked to close the teeth in 
intercuspal position, starting from the premature contact as detected by the 
guided closure method. 
- The slide of the mandible from the first (premature) contact position to the 
intercuspal position was observed. To sec the occlusal slide better, a 
reference line was marked on the lower teeth with the teeth in the first 
contact position. 
During the intercuspal position closure, the direction of the slide was observed 
(fig. 3-24). 
Fig. 3-24 Lateral slide, notice displacement of reference line from "first contact 
position" (a) to intercuspal position (b). 
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The score of the premature contact was: 
0 - no premature contact present (intercuspal position = retruded contact 
position). The left and the right sides occlude simultaneously 
1 = premature contact present in the anterior region. Consistency in presence 
and location of the premature contact 
2 = premature contact present on right posterior side. Consistency in 
presence and location 
3 = premature contact present on left posterior side. Consistency in presence 
and location 
X = no consistency of premature contact, guided closure method not feasible, 
masticatory muscles are not relaxed. 
The score of the centric slide: 
0 = no slide present 
1 = slide present in anterior or posterior direction 
2 = slide present in right lateral direction with or without an anterior 
component 
3 - slide present in left lateral direction with or without an anterior 
component 
N = no premature contact, and no slide present. 
k Filled occlusal surfaces 
Occlusal filling therapy was recorded unilaterally in the nationwide survey. 
Each filled tooth surface was scored: amalgam or composite restoration. The 
recording of cast restorations and crowns was performed previously (sec 
section 3.3.2.2.e). 
/ Occlusal surfaces restored with removable prostheses 
The presence of a removable partial denture (RPD) was recorded and specified. 
The following scores were used: 
0 = no removable prosthesis 
1 = cast metal frame RPD Kennedy CI III or IV 
2 = cast metal frame RPD Kennedy CI II 
3 = cast metal frame RPD Kennedy CI I 
4 = cast metal frame RPD combination of Kennedy Cl I-IV 
5 = spoon denture 
6 = acrylic plate RPD 
7 = full denture 
8 = overdenture 
9 = defective denture 
m Occlusal TU ear 
Occlusal wear was measured on plaster models in combination with colour 
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slides Of each subject an impression of the lower jaw was taken and a colour 
slide was made The occlusal wear was quantified with rectangular flat 
instruments, dimensions 1 x 2 mm and 2 x 3 mm (De Kanter and Van 't Hof, 
1988) and qualified (Kodak® colour slide) 
Criterion 
Recording of the quantity of flat surfaces, "wear facets", on models and a 
qualification of the surface structure on color slides 
Procedure 
- Occlusal wear facets were quantified bv comparing the surface of the facet 
with the dimensions of the measuring instruments In case of the presence of 
more facets on one tooth, the largest facet was scored The measurements 
were performed on the second molars (if absent the first molars), the second 
premolars (if absent the first premolars), the cuspids, and the central 
incisors 
- The colour slide was used to qualify the material of the involved facet 
The score of the quantity of the occlusal wear was 
0 = no occlusal wear, facets absent 
1 = occlusal wear, facets present max dimensions approximately half the 
surface of the instrument 
2 = occlusal wear, facets present dimensions approximately the surface of the 
instrument 
3 = occlusal wear, facets present dimensions larger than the surface of the 
instrument 
The score of the quality of the occlusal wear was 
Τ = wear present in tooth (enamel or dentin) 
I = wear present in filling (amalgam or composite) 
Η = wear present in the combination of tooth and filling 
С = wear present in crown or bridge surface (gold or porcelain) 
3.4 RFSULl S OF THE PILOT STUDY 
The results were used to test the methods, the measuring instruments and the 
research protocols Also the consequences for the mam study were analysed 
3.4.1 The measuring instruments and research protocols 
No substantial changes were made of the measuring instruments and the 
research protocol Minor modifications in the route of questionmng the CMD-
history and the CMD-related factors (appendix B) were performed Due to the 
small case-control sample of the pilot study, the duplo measurements were not 
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Detrey® disposiblc impression tray with Basilcx Putty 
Kodak® ektachrome I PD, 200 ASA color films 
anahsed (every fifth subject was reexamined bv a second observer) The 
usefulness of the measuring instruments, however, was confirmed With respect 
to the questionnaire assessing the signs and svmptoms of C M D , it was found 
that the subjects had to be instructed clearly (tor instance bv handpointing), 
what was meant by " the temporomandibular joint", and " the masticatory 
muscles" Perceived pain with respect to jaw movements, the TMJ or the 
related musculature had to be differentiated from toothache or pain provoked 
by dentures on the mucosa 
3.4.2 Testing of the case and the control selection method 
The questionnaire for diagnosing C M D was developed to select C M D cases 
and CMD-controls The score of the positive answers and the presence of 
similar CMD-complaints in the past is presented in table 3-9 
lablc 3 9 Distribution of the positive answers according to gender and presence of 
similar CMD-comphints in the past (n = 1143) 
compi laints in the past 
no compi-unts in the pist 
С 
6 
27 
289 
Я 
M 
433 
1 
d 
23 
44 
Я 
31 
66 
2 
d 
7 
25 
Я 
17 
22 
>3 
d 
9 
12. 
Я 
43 
24 
potential control . eases 
The tabic indicates which subjects were considered to be cases and which 
subjects were potential controls The ultimate control selection was further 
based on the matching criteria Considering the selection and the matching 
criteria, 23 pairs of cases and controls could be selected from the interviewed 
sample I hese subjects were involved in the more detailed study of C M D The 
examination foims are shown in the appendix (appendix B, C, and D) 
The results of the complete pilot sample with respect to signs and svmptoms of 
C M D are presented in tabic 3 10 Transformation of the data of the signs and 
svmptoms into the anamnestic dysfunction index of Helkimo is presented in 
table 3-11 
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Table 3-10 Percentage distribution of anamnestic signs and svmptoms of C M D 
according to gender (n = 1143) 
male female 
(n = 437) (n =706) 
no joint sounds 
joint sounds not inconvenient 
joint sounds inconvenient 
no pain during movements 
pain during extreme movements 
pain during movements 
no pain and no tenderness duiing 
mastication in IMJ 
tenderness during mastication in TMJ 
pain during mastication in TMJ 
no pain and no tenderness during 
mastication in masticatory muscles 
tenderness during mastication in 
masticatory muscles 
pain duiing mastication in masticatory 
muscles 
no dislocation of mandíbula 
dislocation of mandíbula 
no locking of mandíbula 
locking ot mandíbula 
Table 3-11 Percentage distribution of the anamnestic d\sfunction index of Hclkimo 
according to gender 
subjectively symptom free 
mild symptoms 
severe symptoms 
Ao 
A, 
A, 
male 
(n = 437) 
71 5 
149 
136 
female 
(n = 706) 
69 5 
13 6 
169 
71 
84 8 
103 
49 
97 3 
74 
27 
90 4 
85 
1 1 
91 3 
7 I 
1 6 
98 0 
20 
97 8 
22 
82 5 
108 
6 7 
95 1 
93 
4 9 
89 1 
87 
22 
90 1 
72 
27 
97 1 
2 9 
97 6 
24 
The distribution of the 23 pairs of cases and controls with regard to the clinical 
index of Helkimo is presented in table 3 12 
Table 3-12 Distribution of the clinical d\sfunction index of Helkimo according to 
"cases" and "controls" (n - 23 pairs) 
cases controls 
Do 
D, 
»2 
Ui 
0 
0 
14 
9 
7 
16 
0 
0 
To get some insight in the role of a number of the risk indicators, the variables 
occlusion, mandibular mobility (horizontal and vertical maximum movement 
capacity), stress and somausation were studied in the case-control sample 
Table 3-13 presents the results of those analyses in the 23 matched pairs as 
tested with the Wilcoxon 2 sample test 
Tabic 3-13 Differences of some variables in the matched case control subjects (23 pairs) 
variable scale mean SD ρ 
stress 
somausation 
max vertical mouthopenmg 
max horizontal mosements 
occlusion (Artus® strip) 
- 0 0 5 < p 001 < p < 0 0 5 
number events 
scale points 
millimeters 
millimeters 
% of occlusion 
0 001 < p < 
3 70 
4 35 
6 43 
-1 48 
-9 22 
0 01 
7 48 
9 09 
9 55 
5 38 
31 99 
Regarding the role of the risk indicators, the following comments can be made. 
Though the sample was very small, the influence of stress and somausation 
seems to be present The maximum mouthopcning differed significantly The 
horizontal movements on the contrary did not show a correlation 
3.5 D I S C U S S I O N A N D C O N S E Q U E N C E S FOR T H E MAIN STUDY 
The C M D main study (a nationwide survey with a nested case-control study) 
was part of a complex and extensive study to dental health in the Netherlands 
In order to guarantee a methodological acceptable data collection and proper 
case-control selection without interfering the examinations of the nationwide 
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survey, the CMD part of the main study was carefully tested in a pilot study at 
the dental school in Nijmegen Apart from the described measurements of the 
pilot study, detailed information of dentofacial characteristics, DMb-indiccs, 
periodontal diseases, prosthodontic appliances, and diseases of the soft tissues 
as well as general information such as SI S, dental attitudes and behaviour, was 
available of the subjects involved in the nationwide survey Since the 
measurements of the national survey were also tested in another pilot study 
(Truin et al, 1987), the CMD relevant measurements - being part of the 
national survey - were not tested in the pilot study at the dental school In the 
next chapter, attention is paid to the data quality of the measurements 
The results of this pilot study indicates the following consequences for the 
main study 
• The developed questionnaire seems to be a suitable method to differentiate 
between subjects with a clinical dysfunction index score of Helkimo D0 and 
D| and subjects with Helkimo index groups Dj and D3 However, proper 
instruction regarding the TMJ, masticatory muscles and pain perception 
should be given to the subjects 
• The prevalence of subjects with 3 or more positively answered questions was 
relatively low (a clinic sample) (male 3 4% and female 7 6%, table 3 9) 
Therefore, it was decided to apply weaker case-selection criteria in the main 
study in order to select sufficient CMD cases (two instead of 3 positively 
answered questions) 
• The recording of the maximum mouthopening seemed to be sufficient with 
respect to the clinical dysfunction index To compare the findings with 
international data, it was decided to maintain the lateral movement 
measurements exclusively in the case-control sample of the main study 
3.6 SUMMARY 
As a rule CMD is both anamnestically as well as clinically assessed Since CMD 
is generally considered to be multifactorial, there have been described a great 
variety of CMD-related factors Referring to the aims of this study (prevalence, 
treatment need and etiology of CMD), measurements with respect to the 
assessment of CMD as well as measurements regarding CMD-related factors, 
have to be outlined and tested 
In this chapter, the pilot study (n = 11 SS), its (case-control) design, the used 
measurements and the results of the study are presented Besides the CMD-
relcvant measurements as applied in the national survey arc depicted Based on 
the results of the pilot study, consequences for the main study, especially with 
respect to the case and control selection procedures, arc outlined 
The pilot study revealed that the developed and tested case and control 
selection method (a multiple choice questionnaire) was suitable to differentiate 
between the dysfunction groups of Hclkimo's clinical index. 
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4 DATA QUALITY 
4.1 INTRODUCTION 
Since the planning of the health care systems will be partly based on prevalence 
data of the important diseases, the reliability of these data will consequently 
have economical aspects. In addition, data quality is important foi the 
comparability of prevalence data from other studies. In enologie studies, the 
reliability of the data is also of much interest, because both misclassification 
with respect to the diagnosis as well as errors in the determination of the 
exposure might occur. Analysing the dependent (disease) and the independent 
(risk) variables, bias will influence the results, and hence the etiological 
outcome will be questionable It will be obvious that selection and information 
bias (2.4.1) is more likely to occur and will be more complex in case of a 
multidcfined disease (CMÜ is defined as a set of signs or symptoms) with a 
multifactorial cause (multifactorial etiology) Data quality is often defined by (1) 
the reproducibility and (2) the validity of the data. 
Reproducibility means the extent of agreement of repeated measurements. It 
depends on observer variation, and variation of the studied phenomenon. 
Independent duplicate observations arc used to assess the reproducibility of the 
obtained data. If a duplicate observation is performed by the same observer, the 
data quality is expressed in an intraobserver agreement coefficient. In case of 
duplicate observations by different observers, the data quality is called intcr-
observer agreement. 
Validity means, to which extent a measurement method fits into what is ought 
to be measured. For diagnostic tests validity depends on the sensitivity and the 
specificity of the examinations. Sensitivity is focusscd on correct identification 
(the proportion of correct identified positives of the complete positive group). 
Specificity means proper selection of the studied aspect (the proportion of 
correct selected negatives of the complete negative group). In general, validity 
is expressed in the standard deviation (SD) of the "golden standard" (the 
definite yardstick). In this chapter attention is paid to the reliability and the 
validity of the used questionnaires (4.2). I-urthermore, the reproducibility of 
the clinical examinations (4 3), especially of the indirect measurements (4.4), is 
presented. Besides, data transformation into the Helkimo-indices is outlined 
and discussed (4.5). 
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4.2 QUALITY OF THE ANAMNESTIC EXAMINATION 
Anamnestic examinations are subjective by nature It is a goal of the anamneses 
to get insight into the subjects experience with the question (disease) of 
interest 
Bias due to qucstionmng (interview bias) was mimmi/ed in this studv because 
the observers were carcfullv instructed, and exclusively multiple choice 
questionnaires were performed The data qualiH of the anamnestic 
examinations still remained dependent of (1) the subject (recall bias) and (2) the 
quality of the used questionnaires (rchabihtv and validity) 
With respect to the description of the qualm of the used questionnaires a 
differentiation is made into 
- The questionnaire to diagnose CMD and to assess the subjective treatment 
need (appendix A) 
- The questionnaire to inventorv the CMD history (appendix B) 
- I h e questionnaires to inventory the CMD related factors (appendix B) 
4.2.1 The questionnaire to diagnose CMD and to assess the subjective 
treatment need 
This questionnaire was based on the intcrnationallv used questionnaires of 
Helkimo (1974) and was tested in a pilot study at the dental school in 
Nijmegen (chapter 3) The pilot study revealed that it was possible to 
discriminate subjects with no or mild clinically assessed dysfunction (DQ/D, 
group) from subjects with moderate to severe clinical dysfunction (D,/!) , 
group) by this questionnaire (table 3-12) 
With respect to the validity of the Helkimo indices, recent publications 
(I ncton and Schiffman, 1987, Van der Weclc and Dibbets, 1987) mainlv icflcct 
the clinical index Van der Weclc and Dibbets concluded that there is 
insufficient evidence to support or to document the validity of the Helkimo 
indices As to the validity of the anamnestic index no information is available 
4.2.2 The questionnaire to inventory the CMD-history 
An extensive stud) of the literature and brainstorm sessions with experts in 
CMD resulted in the questionnaire of the CMD-history Since history taking is 
mainly dependent of the memory of the subject, recall bias will be the prime 
source of errorneous information I he quality of this questionnaire therefore is 
more dependent of recall bias than the questionnaire to diagnose CMD 
4.2.3 The questionnaires to inventory the CMD-related factors 
The assessment of the CMD related factors was achieved by (1) questions 
based on an exploration of the literature, (2) a "life c\cnt" questionnaire (the 
VRMG) and (3) the Somat scale of the Hopkins symptom checklist (HSCL). 
The obtained data will depend also mainly on recall bias With respect to the 
validity of the VRMG and the HSCL the following remarks can be made 
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- The VRMG ("Vragenlijst recent meegemaakte gebeurtenissen") was 
developed from the RLCQ (recent life change questionnaire). The RLCQ 
was a modified version of the SRRQ (social readjustment rating 
questionnaire), as designed by Rahe (Holmes and Rahe, 1967; Rahe, 1975). 
Data quality of the VRMG therefore is more or less comparable to the 
widely applied and discussed RLCQ. Preliminary results of the validity of 
the VRMG are available and are considered to be satisfactory and most 
promising (Van de Willige et al., 1985). 
- The HSCL is the best documented questionnaire used in this study. 
f lowever, application of an incomplete questionnaire (only the Somat-scale 
was used) might influence the reliability and especially the comparability of 
the data. Because the Somat-scale was exclusively used in the case-control 
study, comparison of mutual differences of cases and controls was still 
possible. Reliability estimates of the IISCL arc outlined by Derogatis et al. 
(1974). With respect to the Somat-scale, the data of the presented reliability 
estimates were: Internal consistency reliability (coeff. alfa) 0.87, test-rctcst 
correlation 0.82 and interrater reliability (interclass r) 0.73. 
4.3 QUALITY OF THE DIRECT CLINICAL EXAMINATION 
The data quality of the clinical measurements is determined by the 
reproducibility and the validity of the method. The validity concerns the 
content of the method, meaning to which extent meets the applied method the 
theoretical expectations. 
Validation, however, is not simply accomplished through a single experiment. 
It is rather achieved through series of rational operations and empirical 
procedures that converge to extend and redefine the limits of generalizability of 
the measured construct. The clinical measurements used in this study come-up 
to the above mentioned condition on being widely applied and intensively 
studied and discussed. 
The reproducibility of the measurements has to be deduced from the observer 
agreement (intra and inter). The reproducibility of the direct clinical 
measurements was expressed in interobserver agreement coefficients. This was 
a consequence of the cross-sectional study design which was not suitable to 
perform repeated observations by the same observer with the condition of 
blindness (intraobservcr agreement). Besides, interobserver agreement is more 
important in terms of data quality. Since the data were nominal as well as 
ordinal (metric), the agreement coefficients are expressed in (un)wcighted 
Kappa values (Cohen, 1960, 1968), measurement error and measurement-
rcmeasurement correlations. The results of the reexaminations, as performed in 
the nationwide survey, are presented in the tables 4-1 and 4-2. About 10% of 
the population was submitted to a reexamination by a second observer. 
The reexamination resulted into a different number of registrations dependent 
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of both the sample (natural dentition N D , or full denture I D) as well as on 
the method of recording (surface- or tooth level, half mouth- or full mouth 
recording) A more detailed description of these, and other nationwide related 
reexaminations are described by Truin et al (1987) 
Table 4 1 Interobserver agreement of clinical measurements expressed in Kappa 
values and percentages of observed agreement (Po), η = number of the duplo 
measurements 
measurement sample specification Kappa Po N type of scale 
character 
joint sounds 
joint sounds 
joint sounds 
deviation 
deviation 
occl contact 
mterdigitation 
tntcrdigitation 
extrusion drift 
crowding 
presence teeth 
condition teeth 
reason absence 
tooth replaccm 
si/e tooth 
bound space 
tooth surface 
quality 
N D 
N D 
I-D 
N D 
I D 
N D 
N D 
N D 
N D 
N D 
N D 
N D 
N D 
N D 
N D 
N D 
right/left 
right/left 
right/left 
-
-
ant teeth 
premolars 
molars 
molars 
upper/lower 
full mouth 
full mouth 
full mouth 
full mouth 
full mouth 
full mouth 
0 42 
0 48 
0 35 
0 38 
0 11 
0 67 
0 35 
0 20 
0 39 
0 68 
0 95 
0 92 
0 94 
0 94 
0 91 
0 80 
0 88 
0 91 
0 87 
0 71 
0 59 
0 84 
0 93 
0 95 
0 82 
0 91 
0 99 
0 97 
0 98 
0 97 
0 95 
0 90 
224 
224 
150 
112 
74 
191 
176 
182 
11 
194 
7072 
7072 
7072 
693 
693 
754 
unweighted 3 
weighted 3pt 
unweighted 3 
2pt 
2pt 
weighted 3pt 
weighted 3pt 
weighted 3pt 
weighted 3pt 
weighted 4pt 
2pt 
unweighted 5 
unweighted 1 
weighted 3pt 
weighted 3pt 
unweighted 
N D = natural dentition 1 D = full dentures 
Table 4-2 Interobserver agreement of clinical measurements expressed in 
exammation-rcexamination coefficients and tested for systematic errors 
measurement 
mouthopemng 
mouthopening 
overbite 
overjet 
angle classif 
angle classif 
specification 
F D 
N D 
N D 
N D 
right 
left 
scale 
mm 
mm 
1/3 teeth 
mm 
prem 
prcm 
d 
2 3 
2 3 
0 4 
0 6 
0 3 
0 3 
exam.-reexam. 
correlation 
0 87 
0 91 
0 64 
0 92 
0 83 
0 80 
paired 
t-test 
N S 
N S 
N S 
N S 
N S 
N S 
π 
73 
112 
193 
192 
190 
190 
ND = natural dentition ΓΙ) = full dentures 
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Conclusions based on table 4-1 and 4 2 
• According to the hierarchical classification of the Kappa coefficients (Landis 
and Koch, 1977) It is concluded that 
1 The joint sounds were assessed with a fair (FD-sample) to moderate (ND-
sample) level of reliability 
2 The deviation of the mandible had a moderate kappa coefficient in the 
ND-sample and a slight level of reliability in the FD-sample 
3 Apart from the intcrdigitation and the extrusion drift measurements (fair 
kappa coefficients), the presented measurements showed substantial 
(kappa = 0 61-0 80) to almost perfect (kappa = 0 81-100) kappa 
coefficients 
• The examination-reexamination coefficients were, with the exception of the 
overbite measurements (r = 0 64), higher than 0 70 (It is generally accepted 
that a measurement is acceptable when r > 0 70) 
4.4 QUALITY OF THE INDIRECT CLINICAL EXAMINATION 
The occlusal wear was measured two times on models of the lower dental arch 
of the subjects Based on the results of the first series of measurements, 
modifications on the method were performed, and applied in the second series 
of measurements 
4.4.1 Results and conclusions of the first series of measurements 
Two observers measured the occlusal wear separately using the same measuring 
instrument They were first calibrated by training 
The occlusal wear was measured on the models with a rectangular, flat shapeci 
instrument (dimensions 1 χ 2 mm) The si/e of occlusal wear facets of the 
measured index teeth were compared to the dimensions of the measuring 
instrument Each quantified facet was qualified with respect to the surface 
material by means of color slides (section 3 3 2 2m) 
About 10% of the measured index teeth were reexamined 
The results of the distribution of the quantification and the qualification 
measurements by the two observers are depicted in fig 4-1 and fig 4-2 The 
results of the inter and intraobservcr agreement expressed in Kappa values, and 
the measurement-rcmeasurcment correlation coefficient is presented in 
table 4-3 
81 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
о 
Fig 
observer 1 fx-j observer 2 
0 
1 
2 
3 
X 
= no facet 
= facet t 1 mrrn 
= facet < 2 mrrr 
= facet > 2 mm 2 
= not measurable 
шагщ . шг ' - ' - ' - ' - ' • ^ 
0 1 2 3 χ 
4-1 Distribution oj the quantitative occlusal •n.-ear scores by two observers. 
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Fig. 4-2 Distribution oj the qualitative occlusal wear scores by two observers. 
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ТдЫс 4-3 Inter and intraobscner agreement of the occlusal wear measurements 
QUANTITY 
OF OCCLUSAL WEAR 
inter 
intra 1 
intn 2 
anterior 
teeth 
(n = 
К 
56 
54 
53 
1231) 
Po 
87 
94 
97 
posterior 
teeth 
( η = Γ 
К 
46 
63 
38 
174) 
Po 
84 
88 
83 
total 
mouth 
(n = 309) 
r 
0 62 
081 
0 63 
QUAI ITY 
OF OCCLUSAL WEAR 
posterior teeth 
canines included 
(n= 1788) 
К Po 
36 71 
59 79 
59 84 
К = per cent agi cement corrected for coincidence (Kappa) 
Po = per cent agreement observed 
r = mcasuremcnt-reincasurcmem con elation 
Conclusions based on figures 4-1, 4-2 and table 4-3 
• The moderate to substantial Kappa values with regard to the quantification 
of occlusal wear justify the conclusion that this indirect method is suitable to 
quantify occlusal wear 
• The percentage score - "occlusal wear more than two square millimeters" -
being about 7 5 % of all the observations, is a strong indication to use a 
measuring instiument with othci, larger dimensions 
• The fair to moderate Kappa values with respect to the qualification of the 
occlusal wear as well as their scoi e distribution (approximately 8 5 % of all 
observations were qualified as tooth surface), justify the conclusion that it 
seems to be of minor impoitance to differentiate in this sample - the 
attrition facet with regard to the tooth surface quality 
4.4.2 Results and conclusions of the second series of measurements 
With respect to the first scries of measurements, the following modifications 
were introduced* 
- the dimensions of the used measuring instrument were changed into 2x3 mm 
- the measurements were performed bv three observers 
- the qualification of the surface aspect of the involved facets was not repeated 
- the data quality was expressed in the measurement-rcmeasurement 
correlation coefficient and tested to systematic examiners variation. 
The results of the quantitative scores of occlusal wear by three observers is 
depicted in fig. 4-4 The measurement remeasurcment correlation coefficients 
and the examiners variation based on (1) the observations of the different 
examiners and (2) on the reexaminations of the same observer arc presented in 
table 4-4 
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Fig. 4-4 Distribution of the quantitative occlusal -wear scores by three observers. 
Table 4-4 Measurement-remeasuremcnt correlation (r), measurement error, and 
systematic differences expressed in mnr of the occlusal wear measurements by 3 
observers based on tooth level and mouth level scores. 
examiner 
combination 
1-2 
1-3 
2-3 
1-1 
2-2 
3-3 
TOOTH LEVI-1. 
η 
2365 
2365 
2365 
229 
232 
226 
measurement 
error 
0.80 
0.75 
0.84 
0.74 
0.69 
0.69 
systematic 
differences 
-0.39 
-0.01 
0.40 
0.40 
0.32 
0.34 
sign. 
level 
-
Í S -
** 
« 
r 
0.66 
0.71 
0.62 
0.70 
0.75 
0.77 
MOUTH LEVEL 
η 
309 
309 
309 
30 
30 
30 
r 
0.75 
0.79 
0.74 
0.73 
0.74 
0.85 
Significance level paired t-test: ρ > 0.05: 
0.01 < ρ < 0.05: 
0.001 < p < 0 . 0 1 : 
ρ < 0.001; 
Conclusions based on figure 4-4 and table 4-4: 
• Inter- and intraobserver agreement was almost equal (mean of 0.66 and 0.74 
respectively), meaning that calibration was satisfactory, however, the 
measurement seems to be difficult. 
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• Observers 1 and 3 showed the best interagrccment with the lowest 
difference (0.01 mm"'). Observer two tended to higher scores. 
• All observers revealed a systematic score variation with time as computed 
from the duplo observations to assess the intraobscrver agreement. During 
the performance of the measurements there arised a statistic significant 
increase of the higher scores. 
4.5 CONSTRUCTION OF THE DYSFUNCTION INDICES 
At the start of the study (1985) the Helkimo indices were the most obvious 
indices for epidemiological purposes. Recently new and promising indices were 
described. Duinkcrke et al. (1986) presented the palpation test, and Fricton and 
Schiffman (1987) the craniomandibular index. Lundeen et al. reported in 1988 
the TMJ-scalc. The Helkimo indices, however, are still the standard indices in 
epidemiological studies. Critical remarks regarding the validity of the Helkimo 
indices were described by Van der Wecle and Dibbcts (1987) and Riolo et al. 
(1988). Classification according to Helkimo resulted consequently into a 
heterogeneous sample (Wedel, 1988). Yet, the clinical and anamnestic indices of 
Helkimo are usefull in terms of quantification of the signs and the symptoms of 
CMD (prevalence). 
As to the clinical dysfunction index of Helkimo, two remarks are made 
regarding palpation and mandibular mobility. Based on the subjectivity and the 
reproducibility of palpation of the muscles and the TMJ (Kopp, 1977; Kopp 
and Wenneberg, 1983), palpation was not performed in the nationwide survey 
(partial recording). The mobility of the mandible was scored by the vertical 
mobility (NW-sample) and the horizontal and vertical mobility (CC-samplc), 
based on (1) the results of the pilot study and (2) the correlation of the 
horizontal and the vertical mobility (Ingervall, 1970; Agerberg and Ostcrbcrg, 
1974). 
After presentation and explanation of the used indices (section 4.5.1 - 4.5.2) 
consequences of the partial and the complete recorded clinical signs to the 
specificity and the sensitivity will be presented in section 4.5.3. 
4.5.1 The anamnestic index 
The transformation of the data obtained from the questionnaire into the signs 
and symptoms of CMD (table 3-3) was performed according to Helkimo: 
- Every negative answer on the questionnaire: 0 points 
- Joint sounds/tenderness of muscles-TMJ: 1 point 
- Pain, luxation and locking: 5 points 
The anamnestic dysfunction index groups were: 
A0: no signs or symptoms of CMD (0 points) 
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Α| · mild Symptoms of C M I ) (1-4 points) 
A, moderate to severe C M D (> 5 points). 
4.5.2 The clinical index 
In table 4-5 the score transformation of the clinical index as described by 
I Iclkimo is compared with the application of the examinations in the 
nationwide (partial recording), and the case-control study (complete 
recording). 
Tabic 4-5 The application of the clinical dvsfunction index of Helkimo in the 
nationwide (NW) and case-control (CC) sample 
clinical dysfunction index of Helkimo application 
score CC NW 
A impaired mnge of movement/mobility index 
normal range of movement vertical mobility > 40 mm 
slightl) impaired mobility: 
severeh impaired mobility 
hon/ontal mobilitv > 7 mm 
vertical mobility 30-39 mm 
hon/ontal mobilit) 4-6 mm 
vcitical mobility < 30 mm 
horizontal mobilitv < 3 mm 
В impaired 7'MJ function 
opening or closing movements without joint sounds and 
deviations < 2 mm 
opening oi closing movements with joint sounds and 
deviations > 2 mm 
locking and or luxation of the TMJ 
С muscle pain 
no tenderness to palpation in masticatorv muscles 
tenderness to palpation in 1-3 palpation sites 
tenderness to palpation in 4 or more sites 
D tcmpojomandibulai joint pain 
no tenderness to palpation 
tenderness to palpation laterallv 1 
tenderness to palpation posteriorly 
L pam on movement of the mandible 
no pain on movement 
pain on 1 movement 
pain on 2 or more movements 
0 
1 
5 
+ 
+ 
+ 
+ 
+ 
+ 
1 
5 
0 
1 
5 
0 
+ 
5 
0 
1 
5 + + 
Remarks to the different scores of table 4-5. 
- Muscle pain 
The method of palpation of the muscles (3.3.2.1 d) was not suitable to 
distinguish between 1-3 or > 4 tender muscles. Just painfull muscles were 
recorded and the applied score was 5 points. 
86 
- Pam on movement of the mandible 
In the nationwide sample, onlv presence or absence of pain on mandibular 
movements was scored ( 3 3 2 1 c ) Though recorded separately, pain on 
mandibular movements was equall}· analysed in the nationwide as well as in 
the case-control sample 
Consequences to the Helkimo dvsfunction groups of these modified 
recordings and analyses are (1) a 5 point score can o n h be reached by a 5 point 
score as such and not as a result of the compilation of 5 times a 1 point score 
(2) Comparability of the dysfunction index groups based on the partial and the 
complete recording method is still possible if all scores > S arc compiled to one 
dysfunction group The underestimation of the chnical d\sfunction due to the 
partial recording method is outlined in tabic 4-8 
Comparison of the clinical dvsfunction groups of Helkimo and the score 
possibility in the index groups of the nationwide and the case-control samples 
is presented in table 4-6 
lable 4 6 Scoie possibility of the clinicil dvsfunction index groups of Helkimo in 
comparison with the complete rccoiding method (C RM) ind the pirtnl recording 
method (['KM) 
code 
I>n 
», 
D , 
Helkimo group 
clmiealK symptom free 
mild dysfunction 
moderate dysfunction 
severe dvsfunction 
Helkimo score 
0 
1 4 
5 9 
10-25 
С RM score 
0 
1 3 
S 8 
10-25 
PRM score 
0 
1 2 
5 7 
10 15 
Precccding to the detailed presentation of the prevalence data of C M D (chapter 
5), the consequences of the partial recording of the clinical dvsfunction in the 
NW-survey is illustrated in table 4-7 In this table the CMD-index is computed 
according to the partial (D]>RM) and the complete ( D f - ^ ) recording method 
and crosstabulatcd 
lable 4 7 Crosstabulation of the clinical dvsfunction indices according to the partial 
(DpRi^) and the complete (^ ці^) recording method of the simple of cases and controls 
with a mtuial dentition (n = 309) 
D PRM 
D CRM 
Do D, D2 +3 
D : 
D, 
D2+3 
5 2
- — 
16 
5 
23 6% 
4 
- 1 4 1 - _ _ _ 
42 
60 5% 
0 
6 
~~~-43 
15 9% 
18 1 % 
52 8% 
29 2% 
309 
87 
67 3% 
24 9% 
7 8%, 
96 4% 
4 2% 
76 8% 
7 0% 
16 2% 
The differences in the percentages of the corresponding dysfunction groups are 
explained in table 4-8 
Table 4 8 Differences in the score of the cKsfunuion index according to Hclkimo 
caused by the partial and the complete recording method of the same sample (n = 309) 
index characteristic score partial recording complete recording 
mobihtv index 0 96 8% 
1 2 9% 
5 0 3% 
muscle pain 0 (100%) 
1 
5 
temporomandibular joint pain 0 (100%) 
1 
5 
Table 4-8 shows that the major difference is due to temporomandibular joint 
pain (dorsal TMJ palpation, 5 points, 16 2%). TMJ palpation, however, is 
performed during opening and closing movements of the jaw. Opening and 
closing movements were also painfull in 4.5%) of the subjects even withoKt 
palpation (pain on movement of the mandible) The differences in the 
percentages of the dysfunction groups by partial and complete recording are 
considerably. However, the sample to illustiate the differences was rather 
selective (consisting of CMD-cases and CMD-controls with a natural 
dentition) Consequences to the prevalence data (chapter 5) due to the different 
recording methods is, based on the percentages of table 4 7, approximately a 
factor two (D C R M 2+3 versus D1,RN12+3 is 29 2 % versus 15 9% being 
approximately 2 to 1). 
4.5.3 Validity of complete and partial recording of the mobility index 
Consequences of complete and partial recording of the mobility of the 
mandible compared to anamnestic data on specificity and sensitivity arc 
outlined in the next example The vertical mobility of the mandible and the 
horizontal as well as the vertical mobility of the mandible are crosstabulated 
with the question regarding difficulties on opening and closing the mouth 
(table 3-3). 
In table 4-9 the method to assess the sensitivitv and the specificity is presented 
Table 4-10 presents the crosstabulation, the sensitivity and the specificity of the 
partial (I) and the complete (II) recorded clinical sign with the corresponding 
anamnestic sign 
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Table 4-9 False positive and false negative rates and sensitivity and specificity for the 
clinical sign using the anamnestic sign as a ("golden") standard (I) and depiction of the 
used terms in a cross-table (II) 
anamnestic sign 
clinical sign no yes 
yes 
test 
yes 
disease 
no 
spcci ficitv 
"fai 
yes 
"false negative" 
se positive sensitivity 
false positive rate = c/(c + d) 
false negative rate = b/(a + b) 
sensitivity = d/(b + d) 
specificity = a/(a + c) 
Table 4-10 False positive and false negative rates and sensitivity and specificity of the 
partial (I) and complete (II) recorded clinical sign (mobility index) and an anamnestic 
sign of a sample of 309 subjects. 
I II 
clinical sign 
partial recorded 
yes 
anamnestic sign 
no yes 
clinical sign 
complete recorded 
241 56 
yes 
anamnestic sign 
no yes 
173 
75 
38 
23 
false positive rate = 0 58 
false negative rate = 0.19 
sensitivity = 0 82 
specificity = 0 97 
false positive rate = 0 76 
false negative rate = 0 18 
sensitivity = 0 38 
specificity = 0 82 
C o n c l u s i o n s based o n tab le 4 -10 : 
• W h i l e 5 8 % are "false pos i t i ves" , t h e par t ia l ly r e c o r d e d clinical s igns s h o w 
a lmos t equa l o r even h ighe r va l id i ty values w i t h respec t t o t h e a n a m n e s t i c 
sign t h a n t h e c o m p l e t e r e co rded clinical s igns d o . 
• T h e h igh ra te of "false p o s i t i v e s " m i g h t be expla ined b y (1) a d a p t a t i o n 
( u n d e r e s t i m a t i o n ) of t he subjec t t o i m p a i r e d m o b i l i t y (pos i t ive clinical s ign) , 
o r (2) an inco r r ec t b r e a k p o i n t of t he pos i t ive ve rsus negat ive cl inical tes t 
resul t (vert ical m o b i l i t y of t h e m a n d i b l e < 40 m m versus > 40 m m ) . 
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4.6 SUMMARY 
Insight in the q u a h n of the obtained data is important with respect to the 
interpretation of the data. In this chapter attention is paid to the data quality as 
such, and to the explanation of some data quality related terms. In alfabetica! 
sequence: inter- and intraobservcr agreement, reproducibility, sensitivity, 
specificity and validity were outlined. 
The present knowledge regarding the applied examinations as well as the 
results of the reexaminations, as performed in this study, are presented. Ins and 
outs of the applied modifications regarding the method of Helkimo, and the 
consequences for the dysfunction index groups arc depicted and discussed. 
The most important conclusions in this chapter arc: 
• The reliability of the examinations to diagnose C M D in the ND-samplc is 
moderate according to the classification of the Kappa-coefficients of Landis 
and Koch, 1977. 
• The reliability of both the joint sounds examination as well as the deviation 
of the mandible in the FD-sample is slight to fair (Landis and Koch, 1977). 
• The presented method to examine occlusal wear was suitable to quantify the 
occlusal wear. 
• The underestimation of the -D^-J group of the clinical index according to 
Helkimo was computed to be approximately 50%. This underestimation 
was explained by the partial recording method 
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5 PREVALENCE 
AND TREATMENT NEED OF CMD 
5.1 INTRODUCTION 
The study to the prevalence and treatment need of CMD was incorporated m a 
nationwide dental survey in the Netherlands In the next section, a brief 
description is given of the aims, the study design, and the sampling procedure 
of this Dutch Dental bpidemiological study (DDES) Moie detailed 
information can be found in the repoits of the study bv Truin et al (1987 and 
1988) and Van't Hof et al (1989) 
5.2 THh DUTCH DENTAL EPIDEMIOLOGICAL STUDY (DDES) 
In 1986 the first nationwide epidemiological survey of adult oral health and 
attitudes to oral health care was carried out m the Netherlands Objectives of 
the study were 
to determine the prevalence of oral diseases and the qualit) of restorations 
and prosthodontic appliances in Dutch adults 
to assess the objective and subjective oral health needs in the adult 
population 
- to determine attitudes to oral health care and dentistry in Dutch adults 
To fulfill the objectives of the study, a behavioural part as well as clinical 
examinations were carried out The NV NSS (Dutch Society of Statistics) 
executed the interviews 
The clinical examination was performed by examiners of the University of 
Nijmegen and the Caries Research Unit, ΓΝΟ Utrecht 
The behavioural part consisted of 3 types of questionnaires based on the 
dentition of the subjects The distinguished categories were (1) dentate subjects 
without removable prosthodontic appliances, (2) dentate subjects with at least 
one removable prosthodontic appliance, and (3) edentulous subjects wearing 
full dentures The questionnaires were focusscd on the oral status quo as the 
dependent variable The questions were constructed to inquire the three 
clustered detei minants (1) conditional predispositions, (2) behaviour 
determinants (the self care behaviour) and (3) extern determinants 
(professional preventive and curative activities) 
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In the clinical examination, the following recordings were performed: 
- CMD, this was anamncstically as well as clinically assessed 
- dento-facial characteristics 
- esthetics 
- condition and diseases of the soft tissues 
- the presence, location and condition of the teeth 
- plaque and calculus 
- caries 
- the condition of the parodontium 
- type and quality of the fixed and removable prosthodontic appliances and 
full dentures 
- the size, location and condition of the edentulous parts. 
Examiner calibration was achieved by oral presentations, brainstorm and 
training sessions supported by the use of color slides, reference models, 
extracted teeth and volontcer training subjects. About 24 days were spent 
calibrating the 11 dentist-examiners. The survey started in February 1986 and 
was finished in October of the same year. Preceding to the survey a pilot study 
was performed to test the protocols and the routing procedures, especially on 
the mobile clinic which was used for the clinical examination. 
5.3 THE SAMPLING 
To represent the Dutch population aged 15 years and older, a sample of 7879 
persons was drawn. Stratified cluster sampling was used. Stratification factors 
were age, gender, SES and region. Within each region the degree of 
urbanisation and the proportion of the population employed in industry or in 
agriculture was taken into account. Per region 10 locations were selected to be 
visited by one of the two mobile dental clinics, resulting in 40 different 
locations (fig. 5-1). 
Persons belonging to the sample and willing to participate in the study, were 
first interviewed in their homes with a standard questionnaire. 
During the interview the subjects were asked if they were willing to participate 
also in the clinical examinations in a nearby situated mobile clinic. If they 
refused a clinical examination, the interview was early finished. If they intended 
to take part in the clinical examination, the interview was continued and an 
appointment for examination in the mobile clinic was made. 
The interview lasted approximately one hour and took place one week before 
the clinical examination. The clinical examination was performed in mobile 
clinics in the neighbourhood of the interviewed subjects (fig. 5-2), and lasted 
about 30 minutes per person. 
The crew of each mobile clinic consisted of a secretary, two dental assistants 
and two dentist examiners. In both mobile clinics, two examination units as 
well as a secretariat was present. 
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Fig. 5-1 The 40 locations С') of the DDES in the Netherlands. 
In order to limit the non-participation as much as possible the examinations 
were planned in the afternoon and in the evening (from 13.00-21.00h). 
Non-participation testing revealed no selectivity in the participation of dentate 
subjects versus edentulous people. Within the dentate subjects, however, there 
was less participation in the clinical examination among the group "not 
attending the dentist regularly". This non-participation problem was coped 
with by post stratification. Transformation of the stratified sample to 
representative data of the Dutch population was performed by statistical 
(weighting) procedures. Combination of externally obtained data with the 
DDES-data allowed to estimate the weights. 
The reliability of the clinical data was assessed by duplo measurements. About 
10% of the examinations were repeated by a second observer (section 4.3). 
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emergenti exit tmci-fitmv e\il 
Kg. 5-2 The mobile clinic, exterior (a) and interior (b) view. 
5.4 MATERIAL 
In the clinical part of the study the sample consisted of 3544 subjects. Because 
of incomplete data, 76 subjects were excluded. Table 5-1 shows the 
composition of the sample according to age, gender and dentition. 
5.5 METHOD 
The signs and symptoms of CMD were anamnestically (questionnaire) and 
clinically (examination) assessed. The treatment need was assessed in case when 
CMD complaints were actually present and when present in the past. The 
measurements are described in section 3.3. The examination forms and the 
questionnaires are shown in the appendix. Analysis of variance was performed 
to the influence of the stratification characteristics: age, gender, SES, region and 
dental attendance. 
The presentation of the prevalence and treatment need data is given in 
representative percentages for the Dutch adult population (corrected data after 
weighting procedures, Van 't Hof et al., 1989). The analyses (ANOVA's) were 
performed on the stratified sample. The symbols to indicate the significance 
levels of the used statistical tests (p-values) arc as follows: 
0.05 < p: - 0.01 < ρ < 0.05: ::- 0.001 < ρ < 0.01: ** ρ < 0.001: ^ 
•)i, 
Tabic 5 1 Composition of the sample (n = 3468) according to age, gender and 
dentition 
male female 
15 19 
20 24 
25-29 
30 34 
35 44 
45 54 
55 64 
65-74 
ND 
266 
167 
182 
211 
190 
118 
101 
79 
FD 
. 
-
4 
7 
24 
46 
103 
155 
ND 
261 
203 
226 
258 
225 
135 
96 
46 
FD 
. 
1 
4 
11 
27 
89 
119 
114 
ND = natural dentition (inclusive dentate subjects with (partial) prosthesis/es) 
I D = full denture in upper and lower |aw 
5.6 THE PREVAI E N C h OF C M D 
5.6.1 Introduction 
Based on the results of the analysis of variance, the prevalence data arc 
presented according to gender, age and dentition The results of the ANOVA's 
showed neither statistic significant influences nor interactions of other tested 
stratification characteristics (table 5-7 and 5 8) 
5.6.2 Signs and symptoms of C M D 
The distribution of anamnestic and clinical signs and symptoms of C M D 
expressed in leprcsentativc percentages of the Dutch adult population are 
presented in the tables 5-2 and 5-3 
The prevalence of the anamnestic and clinical signs and symptoms of C M D , 
expressed in representative percentages for the Dutch adult population, allows 
to explore prevalence data with respect to the average Dutch dentil practice 
The following DDLS and CBS -data are used as to (1) 5300 full-time 
equivalent dental practices in the Netherlands, (2) approximately 8 9 million 
dentate and 2 2 million edentulous subjects, and (3) a male-female ratio of 1 1 
This means that the average Dutch dental practice is composed of 2094 patients 
in the age category of 15-74 year (1678 dentate and 416 edentulous subjects, 
both groups being half male, half female) The prevalence of the signs and 
symptoms of C M D expressed in the number of patients in the average full-time 
equivalent Dutch dental practice is presented in table 5-4 
CBS = Centraal Bureau voor de Statistiek· Dutch Central Office of Statistics 
97 
87.8 
3.6 
8.8 
97.9 
2.3 
0.7 
87.8 
30 
9.2 
97.4 
2.6 
0.6 
79.4 
5.8 
14.8 
95.9 
4.1 
1.7 
88.5 
6.7 
4.8 
96.8 
2.0 
3.2 
97.8 
1.8 
0.4 
98 1 
1.7 
0.2 
96.9 
1.9 
1.2 
96.8 
2.9 
0.3 
Table 5-2 Percentage distribution ot anamnestic signs and s\ mptonis ot CMD 
according to gender and dentition. 
male female 
ND FD ND FD 
no joint sound 
joint sounds not inconvemem 
joint sounds inconvenient 
no pain during movements 
pain during extreme movements 
pain during movements 
no pain and no tenderness during 
mastication in TMJ 
tenderness during mastication in TMJ 
pain during mastication in TMJ 
no pain and no tenderness during 
mastication in masticatory muscles 
tenderness during mastication in 
masticatory muscles 
pain during mastication in masticatory 
muscles 
no dislocation of mandible 
dislocation of mandible 
no locking ot mandible 
locking of mandible 
Table 5-3 Peicentage distribution of clinical signs and symptoms of CMD according 
to gender and dentition 
male female 
ND FD ND FD 
maximum mouth opening : 
96.4 
3.4 
0.2 
99.2 
0.8 
99.4 
0.6 
96.3 
3.6 
0.1 
99.9 
0.1 
100 0 
0.0 
95.6 
4.0 
0.4 
99.6 
0.4 
98 9 
1.1 
93.7 
5.9 
0.4 
99 8 
0.2 
99 2 
0.8 
joint sounds: 
> 40 mm 
30-39 mm 
< 30 mm 
no sounds 
sounds vague 
sounds obvious 
95.5 
4.5 
0.0 
89.4 
4.1 
6.5 
92 3 
7.4 
03 
90.1 
4.8 
50 
92 6 
7.4 
0 1 
83.8 
3.6 
12.7 
86 8 
12.9 
03 
88.0 
5.1 
6.9 
98 
Table 5-3 (continued) Percentage distribution of clinical signs and symptoms of CMD 
according to gender and dentition . 
male 
ND KD 
female 
ND FD 
deviation of mandible: 
pain during movements: 
< 2 mm 
> 2 mm 
no pain 
pain vague 
pain obvious 
67.5 
32.5 
94.0 
4.7 
1.3 
71.5 
28.5 
90.0 
9.8 
0.2 
65.4 
34.6 
92.2 
5.7 
2.1 
66.8 
33.2 
93.5 
4.5 
20 
Table 5-4 Prevalence of signs and symptoms of CMD in the average full-time 
equivalent Dutch dental practice, according to gender and dentition, expressed in 
number of patients and the patient ratio (age categorv 15-74 >eai). 
male female 
ND FD ND FD ND FD 
patient 
ratio 
anamnesia 
- joint sounds not inconvenient 
- joint sounds inconvenient 
- joint sounds total 
- pain during extreme movements 
- pain during movements 
- TMJ tenderness during mastication 
- TMJ pain during mastication 
- muscle tenderness during mastication 
- muscle pain during mastication 
- dislocation 
- locking 
cltmcal 
- max. mouthopening < 40 mm 
- joint sounds vague 
- joint sounds obvious 
- joint sounds total 
- deviation of the mandible > 2 mm 
- pain during mand. movements vague 
- pain during mand. movem. obvious 
- pain during mand. movements total 
30 
74 
104 
19 
6 
15 
3 
29 
2 
7 
5 
38 
34 
55 
89 
273 
39 
11 
50 
6 
19 
25 
5 
1 
4 
-
8 
-
-
-
16 
10 
10 
20 
59 
20 
-
21 
49 
124 
173 
34 
14 
16 
1С 
34 
3 
3 
9 
63 
30 
107 
137 
290 
48 
18 
65 
14 
1С 
24 
17 
12 
-
2 
28 
11 
14 
25 
69 
9 
4 
14 
79 
198 
277 
53 
20 
31 
13 
63 
5 
10 
14 
101 
64 
162 
226 
563 
87 
29 
115 
20 
29 
49 
22 
8 
10 
1 
20 
1 
1 
2 
44 
21 
24 
45 
128 
29 
4 
35 
1:21 
1-9 
1:6 
1:28 
1:75 
1:51 
1:140 
1:26 
1-349 
1.190 
1:131 
1:14 
1:24 
1:11 
1:8 
1:3 
1 18 
1:62 
1:14 
• less than 1 patient 
99 
5.6.3 The dysfunction indices 
Transformation of the data of the si^ns and svmptoms into the anamnestic and 
clinical dvsfunction indices according to Hclkimo (partially recorded, section 
4.5) is presented in the tables 5-5 and 5-6. In figures 5-3 and 5-4 the gender and 
age group distribution is depicted for subjects with a natural dentition (ND) 
I igures 5-5 and 5-6 present a comparison of elderly subjects with ND and № 
(age groups 45-54, 55-64 and 65-74 years) 
Table 5-5 Percentage distribution of the subjects according to the anamnestic 
dvsfunction index of Hclkimo, bv gender and dentition 
s\ mptom free A0 
mild symptoms A, 
severe svmptoms A2 
Table 5-6 Percentage distribution of thi 
index of Hclkimo (paitiallv recorded), by 
s\ mptom free D 0 
mild symptoms D, 
moderate/severe svmptoms I^ z+J 
ND 
81 8 
14 4 
37 
2 subjects 
gender ar 
ND 
55 8 
41 7 
2 4 
male 
Ю 
80 8 
16 0 
3 1 
according to th< 
id dentition 
male 
ID 
57 6 
41 7 
0 6 
female 
ND 
74 2 
19 9 
5 9 
; clinical 
Ю 
80 7 
129 
64 
I dysfunction 
female 
ND 
513 
45 7 
30 
Ю 
46 4 
50 6 
30 
Consequences of the partial recording method with respect to the prevalence 
percentages of the moderate/severe symptoms group ( ϋ , ^ ) were discussed in 
section 4 5 2 and 4 5 3 With regard to the above presented data this implicates a 
duplication of the percentages of the D2 4 l group In case of complete recording 
of the clinically assessed dysfunction according to Hclkimo, approximately 
480 000 Dutch dentate adults (15 74 year) would have been classified Hclkimo 
dvsfunction group D , ^ The number of full denture wearing subjects scoring 
the Di1.3 dysfunction groups would be 80 000 
100 
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iü ! symptoms mild symptoms severe 
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20 
15-19 20-24 25-29 30-34 35-44 45-54 55-64 65-74 
age groups 
Fig. 5-3 Percentage distribution of the anamnestic dysfunction index of Hclkimo 
according to gender and age group (dentate population). 
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Fig. 5-4 Percentage distribution of the the clinical dysfunction index of Flelkimo 
according to gender and age group (dentate population). 
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Fig. 5-5 Percentage distribution of the anamnestic dysfunction index of Helkimo 
according to gender and age group for the elderly age groups (ND = natural dentition, 
FD = full denture). 
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Fig. 5-6 Percentage distribution of the clinical dysfunction index of Helkimo, 
according to gender and age group for the elderly age groups (ND - natural dentition, 
FD = full denture). 
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The results of the analysis of variance to the influence of the stratification 
characteristics and possible interactions are presented in tables 5-7 and 5-8 The 
analyses were performed for the anamnestic and the clinical dysfunction 
indices. Age, gender, SbS dentures and dental attendance were tested in three 
different samples. (1) subjects with natural dentition, if present with 
(removable) prosthesis/es ( N D sample, η = 2797), (2) the full denture sample 
(I'D sample, η = 747), and (3) the total sample ( N D + b D sample, η = 3544) 
The analyses refer to: 
1 Subjects free of dysfunction versus subjects with dysfunction, A 0 versus 
(A |+A,) and D 0 versus (D, + D , ^ ) : analysis of the complete indices 
2 Subjects free of dysfunction versus subjects with severe dysfunction. A ; 
versus A, and 1)0 versus D i , ν analysis of the extreme indices. 
Tabic 5-7 ANOVA of the anamnestic dysfunction index (complete and exticme), 
mam etfects and interactions expressed in significance s\mbols and p-valucs tor the 3 
different samples (x = not tested) 
main effect 
age 
gender 
S I S 
ptostlicsis/es 
dental attendance 
interact ions 
age-gender 
complete index 
total 
«ample 
0 9 
X 
0 2 
N D 
sample 
0 9 
0 2 
0 4 
FD 
sample 
0 1 
0 3 
0 7 
X 
\ 
0 2 
total 
sample 
0 3 
0 2 
X 
0 9 
extreme index 
N D 
sample 
0 6 
0 5 
0 9 
FD 
sample 
0 9 
0 3 
0 9 
X 
X 
0 4 
lable 5-8 ANOVA of the clinical dysfunction index, (complete and extreme), main 
effects and interactions expressed in significance svmbols and m p-values, for the 3 
different samples (x = not tested) 
main effect 
age 
gender 
SFS 
regio 
prosthcsis/cs 
dental attendance 
interact ions 
age-gender 
complete index 
total 
sample 
0 4 
0 5 
0 2 
X 
^ 
N D 
sample 
0 8 
-
0 8 
FD 
sample 
0 4 
0 6 
-
X 
X 
0 9 
extreme index 
total 
sample 
-
0 8 
0 1 
0 3 
X 
N D 
sample 
0 7 
-
0 2 
FD 
sample 
0 3 
0 7 
X 
X 
0 I 0 09 0 5 
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In the total and the natural dentition sample there is a significant influence of 
age and gender (p < 0 05) SLS has no influence and there are no interactions 
The presence of a removable prosthesis in the natural dentition sample has a 
significant influence with respect to the anamnestic djsfunction index I or the 
full denture sample, there arc no main effects and interactions are also absent 
In almost all samples there is a significant influence of age and gender Only in 
the natural dentition sample, a weak interaction of gender and age was found (p 
= 0 03/0 09, complete/extreme indices analysis) Subjects with a natural 
dentition, who visited the dentist regularly, showed less dysfunction (Dj-o -
2 5%) than subjects who did not visit the dentist at least yearly (024.3 = ^ 9%) 
(ANOVA dental attendance ρ = 0 03) 
The agreement of the anamnestic and clinical dysfunction indices is presented 
in table 5-9 (natural dentition) and table 5-10 (full denture sample) ANOVA of 
the exclusive anamncstically scoring subjects (1 1%) versus the exclusive 
clinically scoring subjects (0 6%) in the dentate sample showed age effects in all 
groups and a gender effect in the full denture sample Further analysis of the 
full denture sample, with respect to the gender differences, revealed no statistic 
significant effects of age and SLS, nor any interactions in the male sample The 
female sample, however, showed a weak interaction of age and SES (ρ = 0 07) 
Table 5-9 Agreement of anamnestic and clinical dysfunction indices of Helkimo 
(natural dcntion sample, η = 2764) 
anamnestic dysfunction index Ao 
A, 
A; 
clinical 
Do 
1310-
221 
29 
1 dysfunction index 
_ _ 
Dl 
815 
~"—255-____ 
55 
D2+3 
18 
7 
~--54 
ρ = 0 0000 Pearson's R = 0 29 
Table 5-10 Agreement of anamnestic and clinical dysfunction indices of Helkimo (full 
denture sample, η = 704) 
anamnestic disfunction index A 0 
A, 
A 2 
clinic 
Do 
330-
26 
11 
:al 
, 
dy! ¡fu. nction index 
D l 
245 
^ " ^
6 1
- - — - . _ 
13 
D2+3 
3 
6 
~~~~~9 
ρ = 0 0000 Pearson's R = 0 27 
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The reliability of the data of the full denture sample is questionable due to the 
poor kappa-coefficient of "deviation of the mandible" (section 4 3) 
5.7 THL· TREATMENT NEED OF CMD 
The treatment need of the nationwide sample, based on (1) the subjective signs 
and symptoms at present or in the past, and (2) the recorded clinical signs and 
symptoms of CMD, is presented in the following sections 
5.7.1 Treatment need based on anamnestic signs and symptoms of CMD 
In percentages, representative for the Dutch adult population, 18 3% of the 
men and 24 4% of the women reported mild or severe signs and symptoms of 
CMD 84 9% of the subjects reporting mild symptoms did not intend to visit a 
dentist or a physician bven 68 2% of the subjects with severe symptoms 
indicated no demand for professional treatment Supposing an increase of the 
complaints, 42 4% of the subjects reported to visit the dentist, 38 4% would 
visit the ph\sician and 8 3% would consult a specialist Hnally, 7 1% of the 
subjects did not know where to go for treatment in case of increasing 
complaints In fig 5-7 an inventory with respect to the treatment history is 
depicted in percentages, starting from the anamnestic signs and symptoms of 
CMD. 
5.7.2 Treatment need based on clinical signs and symptoms of CMD 
In the Dutch adult population, 2 1% of the men and 3 0% of the women 
showed moderate to severe signs and symptoms According to Jenni et al 
(1987), these subjects arc considered to be dysfunction patients 
The treatment history based on subjects with clinical signs and symptoms of 
CMD is, related to the previously, separately recoidcd anamnestic dysfunction 
score, depicted in fig 5-8 
Conclusions based on the results as presented in fig 5-7 and 5-8· 
• Approximately 4% of the subjects reporting signs or symptoms of CMD 
(anamnestic) intend to seek treatment. Transformation of this percentage 
leads to ± 95 000 patients who are in need of treatment This means 18 
subjects in the average Dutch dental (full-time equivalent) practice 
• Approximate!) three quarters of the D , ^ group showed also anamnestic 
signs or s\ mptoms ot CMD Half of them had only recently, and half of 
them had icccntlv as well as in the past signs or symptoms of CMD The 
tieatment need of the D,,^ group did not differ from the complete A, + A, 
group ± 4% In all, corrected for the underestimation of the partial 
recording method, 25 000 clinically as well as anamnestically assessed CMD 
subjects showed an intention for treatment This means 4 7 subjects in a full-
time equivalent Dutch dental practice 
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A Q + A I + A T subjects 
Signs and symptoms at present yes 21.5% (A, or A,) no 78.5% (A0) 
Signs and symptoms m the past yes 35.4% no 64.6% yes 12.9% no 87.1% 
Treatment 
- no intention for treatment 
- intention for treatment 
- actual treatment 
- unsuccessful treatment 
- other answer 
78.0% 
2.2% 
2.6% 
4.5% 
12.7% 
88.8% 
3.3% 
0.6% 
0.8% 
6.5% 
Professional aid 
in case of increasing complaints 
demand for professional aid by: 
- dentist ' 45.5% 40.8% 
- physician 36.9% 44.7% 
- specialist 8.6% 7.6% 
- don' t know 9.0% 6.9% 
Treatment history 
how did you cope with the signs 
and symptoms of G M D in the past: 
- treatment by dentist 3.4% 
- treatment by physician 3.0% 
- treatment by specialist 3.4% 
- spontaneous healing 19.0% 
- still having similar S+S 65.3% 
- don' t remember 0.8% 
- other answer 5.2% 
5.3% 
1.7% 
3.9% 
72.5% 
2.2% 
0.8% 
6.7% 
Fig. 5-7 Treatment (need) inventory starting from anamnestic signs and symptoms of 
CMD. 
1C6 
D2+3 subjects 
Signs and symptoms at present yes 78.4% (A, or A,) no 21.6% (A0) 
Signs and symptoms in the past 
Treatment 
- no intention for treatment 
- intention for treatment 
- actual treatment 
- unsuccessful treatment 
- other answer 
Professional aid 
in case of increasing complaints 
demand for professional aid by: 
- dentist 
- physician 
- specialist 
- don't know 
Treatment history 
how did you cope with the signs 
and symptoms of CMD in the past: 
- treatment by dentist 
- treatment by physician 
- treatment by specialist 
- spontaneous healing 
- still having similar S+S 
- don't remember 
- other answer 
2.6% 
2.6% 
10.5% 
76.3% 
5.3% 
2.6% 
yes 50% no 50% yes 19% no 81% 
47.5% 60.5% 
2.6% 5.3% 
5.3% 
10.5% 5.3% 
34.2% 28.9% 
44.7% 39.5% 
26.3% 42.1% 
18.4% 13.2% 
10.5% 5.3% 
25.0% 
50.0% 
25.0% 
/;g. 5-8 Treatment (need) invento)y starting from sub/ects ъ:ііЬ clinical signs and 
iymptoms of CMD at present 
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5.8 DISCUSSION 
The CMD-prevalence and treatment need data of this study are representative 
for the Dutch adult population (section 5 3) Comparison as such, with the 
prevalence data of table 1-2 docs not seem to make sense The studied CMD-
prcvalence data from table 1-2 varied as follows anamnestic recorded signs and 
symptoms of CMD 11-58%, and clinical assessed signs and symptoms of 
CMD 20-88% Based on sample characteristics, CMD definition and 
methodological considerations, the present study is best comparable with the 
study of S7entpetcry et al (1986) and Agcrbcrg and Bergcnholtz (1989) 
The prevalence of the different signs and symptoms show a large variation, e g 
one of every 6 subjects shows joint sounds and only 1 of every approximately 
350 indicates muscle pain during mastication Based on the available data, 
implications for the Dutch adult population and the dental profession may be 
formulated In this context it is important to realize the independent and 
separate recording of the treatment need and the clinically assessed signs and 
symptoms of dysfunction Prevalence data in terms of patient ratios in the 
average dental practice are calculated (table 5 4) In addition treatment need 
data, based on only anamnestically as well as on clinically and anamnestically 
recorded CMD arc available They can be used for patient identification and 
dental health care planning (figures 5-7 and 5-8) 
5.9 SUMMARY 
In this chapter the relation of the Dutch CMD prevalence and treatment need 
study with the Dutch dental epidemiological study (DDLS) is outlined 
Representative data regarding the presence of signs and symptoms of CMD in 
the Dutch adult population (anamnestic as well as clinically recorded) arc 
presented Compilation of the signs and symptoms, according to the method of 
I Iclkimo, is performed as much as possible The results of this study show that 
the prevalence of subjects with Helkimo index D2+1 moderate and severe 
signs and symptoms - is around 5% for the Dutch population 
Based on the information of chapter 4, an estimation with respect to the clinical 
dysfunction indices of Helkimo is presented CMD-prevalence data in terms of 
number of patients involved с q patient ratios in the average fulltime Dutch 
dental practice are computed Based on the data of this study the treatment 
need for the average Dutch practice is 18 patients Approximately 5 of these 
patients have moderate to severe clinical distress (D2+3 group) 
I inally, treatment need consequences, based on the anamnestic and clinically 
recorded signs and symptoms of CMD are outlined 
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6 ETIOLOGY OF GMD 
6.1 INTRODUCTION 
In chapter 2 (section 2.2 3) it was explained that case-control designs are very 
suitable to study the etiology of multifactorial diseases. It was decided to 
design a nested case-control study in the nationwide survey to study the 
etiology of CMD The advantages of this approach were. 
- The availability, within the set up of the nationwide survey, of a well 
organi¿ed and calibrated research team, protocols and statistical facilities 
including much additional information of the subjects. 
- The composition of a case-control subsample starting from an aselect 
sample, including the possibility to obtain more detailed information of the 
surveyed population as a whole 
In this chapter the etiology of CMD, studied on prevalent cases (the 
nationwide survey) and as a result of the case-control study, will be presented 
(6 6) 
First the case-control design and the route of the CMD examinations in 
relation to the nationwide study are presented (6 2) followed bv a summary of 
the possible causes of CMD (6 3) Section 6 4. contains the description and the 
construction of the variables as used in the statistical analyses The strategy of 
the statistic analyses is presented in section 6 5 Next, the etiological findings 
arc discussed and compared with other investigations in section 6 7 I-inally, in 
section 6 8, the quantification of risk to CMD is presented according to the 
used methodology. 
6.2 THE CASE-CONTROL DESIGN 
6.2.1 Case and control selection 
The selection started m the mobile clinic with the questionnaire to assess the 
anamnestic dysfunction and the treatment need (appendix A) The questions 
were posed by interview which was done by the secretary Previously the 
subjects were instructed about what was meant by the TMJ, the masticatory 
muscles and pain. Dependent on the answer scores, the subjects were 
considered CMD-cases (two or more positive answered questions), potential 
CMD-controls (all questions negatively answered, including the question 
regarding CMD-complaints in the past), or subjects not further involved in the 
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case-control studv (1 positive question and or a positive answer to the question 
about the CMD-complaints in the past) An inventory form (fig 6 1) was used 
to registrate the cases by gender, age group, and dental status (natural dentition 
(ND), removable prosthcsis/es (RP), full denture (I D)) As soon as a case was 
selected the first potential control was involved in the case control study if 
gender, age group and dentition was equal to the case in question This was 
checked by the secretary using the case control inventory form 
born in: 
'67 71 
'62-'66 
'57 '61 
'52 '56 
'42 '51 
'32-41 
'22 '31 
'12 '21 
female 
N D + (RP) FD 
male 
ND + (RP) FD 
1 ig 6-1 The form usid to inventory cases and controls according ίο the matching 
criteria 
6.2.2 Examination procedures 
The dentist-observer did not know the results of the case and control selection 
The dentist started the nationwide related examinations and, indicated by 
colored examination forms as given by the secretary, also the specific case-
control related examination itself During the examination however, the dentist 
might find out whether he examined a case or a control For this reason the 
clinical examinations preceded the anamnestic part of the examination 
regarding the CMD-history and the CMD-related factors As a part of the 
anamnestic examination, the subject had to answer a question whether CMÜ-
complaints were present yes or no While the dentist continued the anamnestic 
examination, the dental assistant prepared the impression, and the camera 
(indirect examinations) In the meantime the secretary performed the 
administrative procedures, such as labeling of the stress and somatisation 
questionnaires Next the impressions were taken, and finally the stress and 
somatisation questionnaires were handed over to the subjects 
112 
As can be deduced from the routing of the examinations (fig. 6-2), especially 
participants of the case-control study would likely qualify their participation 
as: "giving an inch and a yard will be taken". The participants were therefore 
convinced of the fact that returning the stress and somatisation questionnaire 
was of major influence on the success of this study. It was explained that they 
were involved by coincidence. To compensate their efforts they received a 
handwritten expression of gratitude, signed by the responsible investigator, and 
a gratification cheque. The method of answering was explained and also the 
possibilities of returning the questionnaires: (1) to the mobile clinic, or (2) by 
means of pre-paid enveloppes to the Dental School of Nijmegen. The dentists 
were instructed to stress the returning of the questionnaires by the subjects. If 
the questionnaires were not returned within four weeks, the subjects were 
start of examination (subject) examiner 
anamnestic examination to diagnose CMD 
+ 
subjective treatment need 
J >2 
case 
:retary 
clinical examination 
to diagnose CMD (partial) 
CLINICAL NW EXAMINATION 
dentist 
CASE-CONTROL EXAMINATION 
clinical examination to diagnose CMD (complete) 
CMD-history 
CMD-related factors: clinical/anamnestic 
impression/color slide (indirect examination) 
stress + somatisation questionnaires 
Fig. 6-2 Routing of the subjects and interrelationship of the nationwide and case-
control examination. 
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phoned by the responsible investigator This rather agressive approach resulted 
into an ultimate respons of 9 3 % At the end of each week the impressions and 
the саьс-control inventory forms were collected by the responsible investigator 
'I he impressions were processed The incomplete case-control pairs of the two 
separately operating mobile clinics were also weekly inventoried, combined 
and completed on both the case-control inventory forms The route of the 
examinations of the nationwide survey including the case control study is 
outlined in fig 6 2 
6.3 POSSIBLE CAUSES O F C M D 
Possible causes to start or provoke signs or symptoms of C M D as known from 
the literature have been described in section 1 4 In table 6-1 these causes, risk 
indicators, used as variables in the analyses, are summarized and specified 
lablc 6-1 Specification of CMD-rclatcd variables 
aspect variable 
clinical 
morphologic factors 
- occlusi! contact 
occlusal surface quality 
anamnestic 
- general health 
- general joint (diseases) 
- trauma 
- heredity 
(para) function 
stress 
- somatisation 
ovcrbitc/ovcrjet 
Angle classification 
crowding 
number and location of teeth 
occluding region 
dental arches 
interdigitation 
occlusal contact 
occlusal guidance 
occlusal interferences/slide 
occlusal changes 
amalgam/composite surface 
crowned surface 
removable prostheses 
wear (partial/complete dentition) 
consults phvsician/specialist 
joint sounds 
pain/stiffness/hypermobilitv of joints 
oedematic/swollen joints 
acute/chronic 
relatives with CMD 
chewing complaints, clenching/grinding 
number + perceived intensity of life events 
somat scale score 
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Table 6-2 Overview of epidemiological studies concerning the study of the etiology of 
CMD with specified clinical and clustered anamnestic aspects by first author. 
author year sample age morph. occl. occl. anamnestic 
factor contact surface aspects 
Bocring 
I ine 
Agcrbcrg 
Helkimo 
Hansson 
Cathomcn-Rothch 
Molm 
Grosfeld 
Magnusson 
Mohlm 
Ostcrbcrg 
Solbcrg 
Swanljung 
De Boever 
Ingervall 
Rao 
Moody 
Cgermai к 
Abdel-Hakim 
hearon 
Kampe 
Mohlin 
Rieder 
Droukas 
Ga/it 
Mcjersjo 
Budt7-Jorgcnscn 
Duinkcrke 
Kirveskan 
Nilner 
De Laat 
Wanman 
Dc Bocver 
Kononen 
S/entpetery 
Tegelbcrg 
Moore G u n n 
Pullingcr 
Seligman 
Tervonen 
Witter 
Kirveskan 
1966 
1971 
1973 
1974 
1975 
1976 
1976 
1977 
1978 
1978 
1979 
1979 
1979 
1980 
1980 
1981 
1981 
1982 
1983 
1983 
1983 
1983 
1983 
1984 
1984 
1984 
1985 
1985 
1985 
1985 
1986 
1986 
1987 
1987 
1987 
1987 
1988 
1988 
1988 
1988 
1988 
1989 
400 
100 
1106 
321 
1069 
115 
253 
800 
160 
56 
1148 
739 
583 
135 
389 
1187 
104 
402 
215 
56 
63 
272 
1040 
48 
369 
154 
146 
211 
521 
749 
121 
285 
75 
166 
600 
123 
151 
222 
222 
1600 
132 
99 
10-74 
? 
15-74 
15-65 
10-79 
30-50 
18-25 
15-22 
5 
16-62 
70 
19 25 
18-64 
12-68 
21-54 
16-56 
? 
7-15 
17-65 
> 
17-23 
20-45 
13 86 
20-38 
10-18 
18-60 
60-75 
20-39 
17-62 
7-18 
22-28 
17 
8-11 
10-16 
12-85 
± 5 7 
6-18 
19-40 
19-40 
25-65 
20-70 
15-18 
+ 
-
-
-
-
-
+ 
+ 
-
+ 
-
+ 
-
-
-
-
-
+ 
-
-
-
+ 
-
-
+ 
-
-
-
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
-
-
_ 
+ 
-
+ 
+ 
+ 
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
+ 
+ 
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
+ 
+ 
+ 
+ 
-
-
-
+ 
-
-
+ 
-
+ 
-
-
+ 
+ 
-
-
-
+ 
+ 
-
+ 
+ 
-
+ 
+ 
+ 
-
-
-
+ 
+ 
-
+ 
-
+ 
-
-
-
+ 
+ 
+ 
_ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
+ 
+ 
-
-
+ 
+ 
+ 
+ 
+ 
-
-
+ 
+ 
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Table 6-2 gives an overview of the epidemiological studies concerning the 
etiology of CMD. Variables as mentioned in table 6-1 arc marked. The 
explanation of the symbols is as follows: + = studied, - = not studied and 
? = not reported. 
Of the 40 reviewed studies (table 6-2) only 8 studies met the condition of 
analysing variables concerning all the 4 different specified groups. In section 6.7 
further information regarding the detailed variables from each group, as 
analysed in the reviewed studies, will be presented. The "multifactorial" 
approach of CMD will be further clarified in that section. 
6.4 CMD-RELATED VARIABLES 
6.4.1 Introduction 
CMD-rclated variables originate from: (1) the examinations in the nationwide 
survey and the case-control study; (2) the results of the integration of the data 
from those examinations by crosstabulation as such, or (3) by cross-tabulation 
of those data considering interactions. 
In this section the variables arc defined and summarized as follows: 
- Variables (constructed) from the examination in the nationwide survey. 
- Variables (constructed) from the examination in the case-control study: 
. variables based on clinical examination 
. variables based on anamnestic examination. 
The prevalence and the crosstabulations of the variables based on the 
examination and the data of the nationwide survey are shown in appendix E. 
The detailed description of the measurements and the data quality is presented 
in chapter 3 and 4. 
6.4.2 Description of the variables 
6.4.2.1 Variables from the nationwide survey 
Overbite 
The overbite of the anterior teeth was a nominal variable on a 4-point scale 
ranging from: open bite (0) to extreme deep palatal bite (3). 
Overjet 
The overjet of the anterior teeth was an ordinal variable on a 5-point scale 
ranging from: mandibular overjet (0) to extreme maxillary overjet (4). 
Anterior tooth relation (ATR) 
Integration of the variable overbite and overjet resulted into the variable 
anterior tooth relation, scored on a 3-point scale. The scores of the variable 
anterior tooth relation were: 
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0 all overbite scores and an overjct < 5 mm besides ovcrjet scores > 5 mm and 
normal overbite 
1 deep bite and an overjet > 5 mm 
2 extreme bite (open bite or palatal bite) and an overjet > 5 mm 
Unilateral cuspid relation (VCR) 
The cuspid relation was a nominal variable unilaterally scored on a 3-point 
scale 
1 Angle Class I cuspid relation (+ or - 1/2 premolar width neutro-occlusion) 
2 Angle Class II cuspid relation (1 premolar width disto occlusion) 
3 Angle Class III cuspid relation (1 premolar width mesio-occlusion) 
Bilateral cuspid relation (BCR) 
The variable bilateral cuspid relation was constructed from the right and left 
unilateral cuspid relation variables The scores on a 2 point scale were (1) 
symmetric BCR the scores of the left and right UCR were equal, and (2) 
asymmetric BCR meaning a discrepancy of > 1 premolar width between the 
right and the left side 
This ordinal variable assesses possible tooth and jaw midline discrepancies 
Crowding 
Crowding was scored on a 3-point scale in the upper and lower jaw The scores 
were no crowding or spacing (0), crowding < 5 mm (1) and crowding > 5 mm 
(2) 
Croii. ding index 
The crowding index was constructed by crosstabulation and summarizing of 
the crowding scores of the upper and lower jaw The crowding index was a 5-
point scale ranging from no crowding in both jaws (0) to more than 5 mm 
crowding in both jaws (4) This index was composed as an effort to estimate 
possible anterior tooth inversions, and interferences 
Dental arches (DA) 
The dental arches variables, giving an indication of occlusal stability, were 
derived from the dental status Ihe dental arches were not only based on the 
number, but especially on the location of antagonistic pairs of teeth of the same 
kind The possible occluding pairs of teeth were scored bilaterally from third 
molars to central incisors Л correction was made, based on the mesial 
migration tendency of molars Occlusion of a third and an opposite second 
molar was registrated in case of absence of the second molar in the quadrant in 
question 
The transformation of the score of the occluding pairs of teeth into groups of 
dental arches (DA) is depicted in fig 6 2 
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% 
right 
84 3 
7 8 
4 1 
2 1 
1 5 
0 1 
0 0 
0 1 
% 
left 
84 3 
6 8 
4 5 
2 8 
1 3 
0 1 
0 1 
0 1 
dental status 
1 2 3 4 5 
— 
dental arch groups 
6 7 8 
complete denial arch 
C D A = 2 (molar support) 
shortened dental arch 
SUA = 1 (premolar support) 
minimal dental aich. 
M D A = 0 (anterior support) 
tig 6-2 Percentage dutubution of occluding pain of teeth based on the dental status, 
and the distribution oj dental ai eh groups (nationwide smvey) 
The DA-sum score (4-0) of the right and the left I)A-score was an assessment 
for the occlusal support. 
The DA-sum score (DASS) was fixed on a 5-pomt scale ranging i rom C D A 
bilaterally (4) to bilateral MDA (0). 
lootb hound spates (TBS) 
Tooth bound spaces were scored if spaces were located mcsially of the most 
dorsal occluding pairs ol teeth. The score was similarly performed as the DA-
scorcs: bilaterally from the third molars to the central incisor. 
The TBS-groups were defined as: 
. TBS-0: no tooth bound spaces 
. TBS-1: one tooth bound space 
. 'I BS-2 two or more tooth bound spaces. 
The TBS-sum score (0-4) of the right and the left TBS-scores was an estimation 
of occlusal contact (continue \crsus discontinue occlusal support). 
The TBS-sum score (TBSSS) is fixed on a 5-point scale, ranging from TBSSS-0: 
no tooth bound spaces bilaterally (0) to bilateral 1BS-2: multiple tooth bound 
spaces TBSSS-4 
Integrated dental arches index (IDA-mdex) 
Integration of the dental arch sum scores and the tooth bound spaces sum 
scores icsulted into an integrated dental arch index (IDA-index). 
The IDA-index consists ot a 6-point scale, ranging from bilaterally complete 
dental arches (0) to bilaterally incomplete dental arches (5), both with respect 
to posterior support as well as to tooth bound spaces. 
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Anteuor tooth contact (АТС) 
Anterior tooth contact was a variable with respect to tooth contact in inter-
cuspal position The tooth contact scores were scored on a 3 point scale no 
contact (0), contact between teeth (1) and contact between teeth and palate (2) 
Simda)' bite (SUNB) 
B\ crosstabulation of the variable overjet and anterior tooth contact the 
varnble "sundav bite" was constructed The scores on the 3 point scale of the 
variable sundav bite were 
0 presence of АТС independent of the overjet 
1 absence of AI С and an overjet < 5 mm 
2 absence of АТС and an overjet > 5 mm 
Anterior tooth intcrdigitation (ΑΓΙ) 
The anterior tooth intcrdigitation was a variable constructed bv integration of 
the variable anterior tooth contact and the maximum crowding index score 
ATI was scored on a 2-point scale and was considered to be an estimate of 
anterior tooth interferences 
Score 0 maximum crowding index score and AI С present 
Score 1 all other combinations of АТС and the crowding index 
Occlusal bupport (OCÎ) 
I he dorsal support variable was constiucted by intcgiation of the dental arch 
variable and the' variable overjet Occlusal support was scored on a 2-poini 
scale 
overjet > 5 mm and minimal dental arches (0) 
all other combinations of the overjet and the DA-scores (1) 
Asymmetric support (ASYM) 
I he construction of the variable asymmetric support was realized by 
integration of the variable bilateral cuspid relation and unilateral dental arch 
groups (3-point scale) 
svmmctnc cuspid relation and complete dental arches (0) 
svmmetric cuspid relation and shortened dental arches, besides complete 
dental arches and asvmmetnc cuspid relation (1) 
minimal dental arches with symmetric as well as asvmmetnc cuspid ι elation 
and shortened dental arches with asv mmetric cuspid relation (2) 
Ptemolay and molar intcrdigitation (PI and Ml) 
The intcrdigitation of premolars and molars was scored on a 3-point scale The 
scores were 
0 stable intcrdigitation 
1 unstable intcrdigitation (sagittal and/or transversal) 
2 partial open bite 
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The interdigitation scores of the premolar and the molar region were 
summarized, resulting in the interdigitation sum score of the prcmolar-molar 
region (PMIS). A 4-point scale ranging from stable prcmolar-molar inter-
digitation (0) to open bite in premolar and molar region (3). 
Crosstabulation of the left and the right PMIS-scorcs resulted in a total score of 
the bilateral interdigitation in the premolar and molar region (PMIB). PMIB 
was a 6-point scale with a similar score path to the PMIS scores. 
Molar extrusion drift (MED) 
The molar extrusion drift was defined as the presence of suprapositioned molars 
with respect to the occlusal plane. The MED was scored on a 3-point scale: 
0: no extrusion present 
1: supraposition of < 2 mm 
2: supraposition of > 2 mm. 
Partially erupted teeth (PET) 
PET was defined as the presence of partially erupted teeth (premolars and third 
molars) and the probability of the presence of impacted third molars. The 
scores on the 5-point scale were: no partially erupted teeth present (0) to four 
or more partially erupted teeth present (4). 
Occlusal filling therapy (OFT) 
Occlusal filling therapy was defined as the presence of amalgam or composite 
restorations in mesial, occlusal or distal surfaces. A filled tooth was scored and 
summarized on a 14-point scale if one or more of the mentioned surfaces were 
filled. No filling therapy (0), 13 or more teeth restored (13). 
Occlusal composite filling therapy in the premolar-molar region (OCFT) 
Occlusal composite filling therapy in the prcmolar-molar region was defined as 
the presence of composite resin fillings in the mesial, occlusal or distal surfaces 
of premolar and molar teeth. OCFT was scored on a 3-point scale: no 
composite filling therapy in premolars or molars (0) to 2 teeth or more restored 
with composite resin fillings. 
Occlusal crowns (OCR) 
Similarly to OFT and OCFT was the number of cast restorations scored on a 
7-point scale. The scores ranged from: no cast occlusal surfaces (0) to 6 or more 
cast occlusal surfaces (6). 
Occlusal restoration index (OR-index) 
Integration of the variable occlusal filling therapy and occlusal cast restorations 
resulted into the occlusal restoration index. The OR-index was a 14-point scale 
ranging from: no occlusal restorations (0) to 13 or more occlusal restorations 
(13). 
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Full denture (FD) 
The full denture variable was defined as the presence or absence of a full 
denture in upper or lower jaw (2-pomt scale: yes or no full denture present) 
Removable prosthodontic appliance 
The removable prosthodontic appliance variable was defined as the presence or 
absence of a removable partial denture (RPD) and or one full denture. This 
variable was scored on a 3-point scale·. 
. no RPD, and no full dentuic present (0) 
. one RPD or one full denture present (1) 
. two removable prosthodontic appliances present (one RPD and one full 
denture, or two RPD's (2). 
Prosthetically treated incomplete dental arches 
The prosthetically treated incomplete dental arch variable is constructed by 
integration of the IDA-index and the removable prosthodontic appliance 
variable. The scores on the 7-point scale ranged from complete dental arches 
with respect to posterior support as well as to tooth bound spaces (0) to the 
maximum score on the IDA-index m combination with two removable 
prosthodontic appliances (6). 
Dental treatment time index (DTT-index) 
The DTI'-index was derived from the OR-index. To compose the DTT-index, 
the cast restoration scores were magnified with a factor 2.5, whereas the 
amalgam/composite restorations were scored as such. The DTT-index started 
at 0, and the maximum DTf-index score was 20. 
The DTT-index is supposed to indicate the time spent on dental treatment and 
to estimate the iatrogenic trauma 
Trauma in the dental status 
Trauma in the dentition was a variable composed from history-taken at time of 
the dental examination. The scores- (1) tooth fractures, (2) crowns in 
consequence of a traumatic history of the tooth in question and (3) tooth 
extracted in the past for traumatic reasons, were summari7ed The scores on the 
4-point scale ranged from no trauma in status and history (0) to 3 times or 
more frequent trauma in status and history (3). 
6.4.2.2 Variables from the case-control study 
Third molar occlusion (TMO) 
Presence and occlusal contact of the most dorsal positioned molar as recorded 
with an Artus® strip were integrated in this variable. The scores (4-point scale) 
were-
third and second molar absent 
. third molar absent, second molar present 
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. third molar present, no occlusion with antagonist 
. third molar present, having occlusion with antagonist. 
Premolar/molar occlusion (PMO) 
PMO was defined as the number of the recorded premolars and molars having 
occlusion as scored with an Artus® strip. PMO was a 10-point scale from 0, no 
occlusion present to 10, all premolars and molars present and having occlusion. 
Anterior tooth occlusion (ATO) 
ATO was defined as the number of occluding canines and incisors as 
registrated with the Artus® strip. The ATO-scorcs had a 6-point scale. 
Sum score of the recorded occlusion (SRO) 
The sum score of the occlusal contacts was derived from summarising the ATO 
and PMO scores. The score ranged from 0 to 16. 
Dental arch length (DAL) 
DAL was defined as the number of teeth present between the two most 
posterior right and left occluding teeth (inclusive those two occluding teeth in 
question). The score ranged from 0 to 16. 
Non-occluding tooth score (NOTS) 
The non-occluding tooth score was constructed from the sum score of the 
registrated occlusion, and the dental arch length. The DAL-scorc minus the 
SRO-score resulted in the NOTS-scorc. The scores were condensed on a 2-
point scale: only occluding teeth present: (0) and at least one non-occluding 
teeth present (1). 
Hypermobility of the temporomandibular joint (HYPER) 
Hypermobility of the TMJ was bilaterally scored on a 2-point scale. The 
HYPER-variable was constructed by crosstabulation of the unilateral 
hypermobility scores. The scores on the 3-point scale were: no hypermobility 
(0), unilateral hypermobility (1) and bilateral hypermobility (2). 
Occlusal interference 
The occlusal interference variable was scored on a 2-point scale indicating 
absence or presence of occlusal interferences. The location of the interference 
was not indicated. 
Occlusal slide from retruded contact position (RCP) to intercuspal position (IP) 
The occlusal slide from RCP to IP was differentiated into several variables: 
Normal occlusal slide, a variable on a 2-point scale: 
. no slide, or slide only in the anterior or posterior direction (0) 
. slide present in lateral direction or unfeasible slide (1). 
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Absence of occlusa! slide, a variable on a 2-point scale 
. no slide present (0) 
. slide present in any direction or unfeasible slide (1). 
Lateral occlusal slide, a variable on a 3-point scale: 
. no slide, or slide only in the anterior or posterior direction (0) 
. slide unfeasible (1) 
slide present to the left or to the right side (2). 
Occlusal slide to the right, a variable on a 3-point scale: 
no slide or slide in the protrai or dorsal or the left side present (0) 
slide unfeasible (1) 
. slide present to the right side (2). 
Occlusal slide to the left, a variable on a 3 point scale 
no slide, or slide in the anterior or posterior or to the right side present (0) 
. slide unfeasible (1) 
slide present to the left side (2). 
Mediotrusive interferences 
Mcdiotrusivc interferences were bilaterally recorded and composed to a 3-
point variable. 
. absence of mediotrusive interferences (0) 
presence of mediotrusive interferences unilaterally (1) 
bilateral mediotrusive interferences present (2). 
Lateral guidance of occlusion 
The cuspid guidance of occlusion, and the group functioning measurements 
were composed to a 2-point variable indicating· equal (0) and non-equal types 
of guidance on the right and the left side (1) 
Anterior guidance of occlusion (AGO) 
The AGO variable was scored on a 2-point scale-
no anterior tooth contact present during anterior guidance of occlusion (0) 
anterior tooth contact present during anterior guidance of occlusion (1). 
Occlusal ijear of cuspids (O WC) 
The variable indicating the occlusal wear of cuspids was the result of the mean 
scores of the occlusal wear as rcgistrated on the cuspids bv three observers. The 
OWC-scores ranged from 0 to 3 on a metric scale 
Occlusal wear of cuspids and molars (OWCM) 
This variable is similarly constructed and scaled as the OWC variable, however, 
the measurements on the molars included 
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Occlusal ъеаг total score (OWTb) 
The O W T S variable is composed of all occlusal wear measurements incisors, 
cuspids, premolars and molars 
6.4.2.3 Variables of the case-control study (anamnestic examination) 
Actual treatment by a physician (PHYS) 
The PHYS-vanable was a 2-pomt scale ycs/no actual treatment by any 
physician Differentiation between the type of consulted physician was not 
indicated in this variable 
General osteoarthrosis (OA) 
General osteoarthrosis was expressed in two variables O A , and OA2 
OA/ scoring general osteoarthrosis present or absent (2-point scale) 
OA^ scoring on a 3 point scale not only the presence but also the duration of 
the disorder -
0 no general osteoarthrosis 
1 general osteoarthrosis < 3 year present 
2 general osteoarthrosis > 3 year present 
General joint symptoms (GJS) 
Similarly to general osteoarthrosis, the different general joint symptoms were 
expressed into two variables 
GJS Pb¡ ycs/no pain and/or stiffness of the joints m general 
GJS PS2 no pain nor stiffness of the joints in general (0) 
score 1 and 2 respectively < 3 and > 3 year pain and/or stiffness of the 
joints present 
GJS OSj ycs/no oedematic and swollen joints present 
GJS OS2 no oedematic nor swollen joints present (0) 
score 1 and 2 respectively < 3 and > 3 year oedematic and swollen 
joints piesent 
GJS Sl yes/no noisy, popping joints of knees and/or elbows 
GJS S2 no noisy, popping joints of knees or elbows (0) 
score 1 and 2 respectively < 3 and > 3 year noisy, popping joints of 
knees and/or elbows present. 
Heredity of GMD (HCMD) 
The HCMD-vanab lc was constructed on a 3-point scale 
0 do not know if 1 clam cs have CMD-complaints 
1 no relatives have C M D complaints 
2 relatives do have CMD-complaints 
Recent changes ijith respect to the dental status (RCD) 
All positive scores regarding the recent changes in the dental status (question 
15 of the anamnestic inventory, appendix B) were summarized The resulting 
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RCD-variable was expressed on a 6-point scale from score 0 no recent 
changes, to score 5 five changes with respect to the dental status recorded 
Recent ncL· full denture in upper or lower jau/ (RFD) 
Positive scores regarding recent new dentures (question 15 of the anamnestic 
inventory) were separately transformed into the 2-point variable RFD The 
scores were 0 no full denture с q no recent new full denture and, 1 a recent 
new full denture present 
Clenching 
Clenching was constructed as a 3 point variable 
0 no clenching 
1 not aware of clenching 
2 clenching 
Grinding (BRUX) 
The BRUX-vanable was constructed on a 2 point scale 
0 no bruxing or not knowing if bruxing is present 
1 bruxing present 
ChebJing complaints 
The chewing variable was constructed as a 3-point variable ranging from no, a 
little, to distinct chewing complaints present 
Recent encountered life events (STRESS) 
The STRbSS-vanables were constructed from the VRMG-questionnaire Stress 
was operationali7ed by 
The number of encountered life events (NSTRI SS) 
The summan/ed encountered pleasantness (PSTRI SS) 
The summarized encountered unpleasantness (USTRESS) 
The difference of USTR1 SS and PS I RbSS 
The sum of USTRb SS and PSTRl· SS 
The number of encountered extreme pleasant events 
The number of encountered extreme unpleasant events 
The number of encountered extreme events 
Missing data of encountered pleasantness or unpleasantness were replaced by 
the mean value of (un)pleasantness as scored by the complete sample on the 
event in question The pleasantness, and unpleasantness values ranged on a 5-
point scale from 1 to 5 
Somatisât ion (SOMAT) 
The SOM AT-variable was the sumscore of the perceived intensity on the 16 
questions of the SOMAT scale from the HSCL concerning general health 
complaints 
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6.5 STRATEGY OF STATISTIC ANALYSES 
6.5.1 Introduction 
The multiple regression method was performed to analyse simultaneously the 
iclation of the great number of independent variables (section 6 4) and the 
clinical and anamnestic dysfunction index Diffeient methods of multiple 
regression analyses were applied in a sequence allowing the detection of 
possible confoundcrs (gender and age) The findings of the analyses of the 
nationwide population were used in the analysis strategy of the case control 
subsample 
6.5.2 Considerations regarding the analyses of the nationwide survey 
The sample 
Based on the prevalence of CMD, the sample was divided into three age groups 
(15-24, 25-44 and 45-74), and by gender Because of the influence of the dental 
condition on the mcasurablencss of the variables, an additional distinction 
within the sample was made '1 he regression analyses thciefore weic performed 
on three groups composed of the nationwide sample 
- sample I (n = 2273) = all dentate subjects excluded those with any 
removable prosthodontic appliances 
- sample II (n = 2512) - all dentate subjects excluded those with full dentures 
in upper or lower jaw 
- sample III (n = 2718) = all dentate subjects included those with fixed and 
removable prosthodontic appliances 
Subjects with full dentures in both upper and lower jaw, were excluded from 
the analyses because of their irrelevant interrelation to the studied variables 
Moreover, the reliability of the clinically assessed CMD-score of the full 
denture sample might be questionable due to the aspect deviation of the 
mandible (Kappa coefficient = 011, chapter 4 3) 
The methods of analysing 
The multivariate approach was executed by the application of multiple 
regression analyses Gender and age were considered to be confoundcrs This 
assumption was tested and studied by the sequence and type of applied 
regression analysis The entering of the variables in the equations were as 
follows 
- confoundcrs forced (forward forced) 
- exclusive confounders (forward) 
- inclusive confounders (complete) 
A correction for multiple testing was made according to Bonfcrroni The 
coefficient α was fixed on 0 0015 based on the appliance of 42 variables in the 
analyses (0 05/42 = 0 0015) Not all variables were applicable in the regression 
analyses as such The nominal variables had to be cither transformed into 
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" d u m m y variables" or analysed separately. In this study the separate analyses 
were chosen to study the influence of the nominal variables. 
6.5.3 Considerations regarding the analyses of the case-control sample 
The following considerations are of interest: 
The sample 
The case-control subsample (η = 383) is composed of 332 subjects with natural 
dentition ( N D ) and 51 full denture wearers (I 'D). 
The N D - g r o u p exists of 132 cases and 200 controls. Due to (1) selection 
failures (4 cases, 5 controls), (2) missing data with respect to dentition and 
degree of mutilation (3 cases, 3 controls), and (3) the presence of 4 or more 
incidental missings (2 cases, 6 controls), these subjects (9 cases and 14 controls) 
were excluded from further analysis. Respectively, 8 and 16 subjects of the 
remaining 123 cases and 186 controls showed incidental missings (< 3 data). 
These missing values were replaced by the mean or the mode. 
The FD-group exists of 27 cases and 24 controls. Only one case selection 
failure took place, resulting in a case-control group of 26 cases and 24 controls 
(fig. 6-3). 
N D 332 
complete 186 
control— 20Сл—incomplete 9 
sel. failurc-
383 
FD51 
.complete 123 
case 132^—incomplete 5 
1. failur 
control — 24—complete 24 
V complete— 26 
100% complete-
incidental miss.-
incomplcte data -
> 4 incidental miss.-
100% complete-
incidental miss.-
incomplete data-
> 5 incidental miss. 
-170 
- 1 6 
— 3 
-115 
sel. failure 1 
Fig 6-3 Ovcrvwu.· of the case-control subsample. 
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Case defining 
Cases were defined as subjects scoring two or more p o s i t n e questions of the 
questionnaire (appendix A) (n = 123) 
Data analysis of the questionnaire allows the definition of cases meeting 
additional conditions With respect to those case definitions the following case 
constructions were performed 
- Subjects scoring at least two positive questions on the questionnaire, one 
being joint sounds the joint sound cases (n = 104) 
- Subjects scoring at least two positive questions on the questionnaire, one 
being joint-sounds and one concerning pain the pain reporting joint sound 
cases (n = 59) 
- Subjects storing at least two positive questions on the questionnaire which -
after clinical examination - appear to be clinical dysfunction class 2 or λ 
(0, + з) subjects the anamncstic-cxtrcme clinical cases (n — 66) 
- Subjects meeting simultaneously the conditions of the pain reporting joint 
sound cases and the anamnesuc-cxtreme clinical cases real cases (n = 32) 
Control defining 
Controls were defined as subjects free of СМГ) at examination and in the past 
(scoring negative on both the complete questionnaire to inventory the 
anamnestic dysfunction index as well as on the question "If you do not have 
one or more of these complaints at this moment, did you ever experienced 
them in the pas t ' " , table 3-3) 
The method of analysing 
The case-control subsamplc was analysed as a stratified sample by means of 
regression analyses Stratification characteristics were age, gender and 
dentition The stratification characteristics (confoundcrs) as studied in the 
nationwide sample, were taken into account in the analyses The method of 
variable selection was forward, age, gender and removable (partial) denture 
forced as the first steps in the regression The coefficient α was also corrected 
according to Bonfcrrom 
The analyses were performed as follows· 
- with the complete number of independent variables 
- without the occlusal wear, and without the stress/somatisation variables 
- without the stress/somatisation variables 
- without the occlusal wear variables 
This clustering of variables was due to the possible influence of removable 
partial dentures on the occlusal wear data With respect to the stress and 
somatisation variables, the difference was made because of the lack of 
information from 19 subjects 
Because of the small number of full denture cases and controls, and the data 
quality of the Helkimo indices of those subjects (section 4 3), the full denture 
group was not further analysed 
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6.6 RESULTS 
6.6.1 Results from the analyses of the nationwide survey 
Before the regression analyses were performed, the nominal variables cuspid 
relation (left and right), overbite, anterior tooth contact and anterior tooth 
relation were analysed separately N o n of the variables correlated with neither 
the clinical nor the anamnestic dysfunction index Therefore it was decided not 
to replace those nominal variables bv a large number of " d u m m y variables" to 
be used in the regression analyses The correction of Bonfcrrom, however, was 
based on the total numbci of ordinal, as well as on the number of the separately 
analysed nominal variables. 
The results of the regression analyses arc presented in table 6 3 to 6-5 The 
forward method without confoundcrs was also once performed without the 
variable partially erupted teeth (PLT) This statistically significant variable (p = 
0 000) showed a negative correlation coefficient This meant the correlation was 
opposite to the expected relation 
Table 6 3 P-valucs of the independent variables (37) with the clinical (Di) and the 
anamnestic (Ai) dysfunction index, as anahsed with the forced regression method (age 
and gender) on 3 populations 
direction dentate subjects dentate subjects dentate subjects 
of no prosthesis/es no full denture 
effect N = 2273 N = 2512 N = 2718 
Ai Di Ai Di Ai DI 
gender 
vounger than 25 vear 
older than 45 ν cai 
removable prostho-
dontie appliance 
occlusal ciown 
full denture 
minimal dental 
arches bilateral 
molar intcrdigitation 
left 
minimal dental 
arches right 
femalc+ 0 0000 
old+ 
voung+ 0 0000 
present+ χ 
numbcr+ -
present"1" χ 
present"1" -
unstable'''-
prcscnt+ -
0 0002 
0 0000 
0 002 
X 
-
X 
0 0001 
0 009 
0 04 
0 0000 
0 0000 
-
X 
-
0 0001 
0 0000 
0 0003 
-
X 
0 013 
-
0 0000 
-
0 0000 
0 02 
0 04 
-
-
-
0 0000 
0 0000 
0 02 
-
-
0 0001 
-
-
χ = not studied 
= significant, corrected for Bonferrom (p < 0 0015) 
- = not significant 
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Table 6-4 Ρ-values of the independent variables (37) with the clinical (Di) and the anamnestic (Ai) dysfunction index as analysed with 
the forward regression method, exclusive confoundcrs (age and gender) and with (Di+) and without (Di") the variable partially erupted 
teeth on 3 populations 
Sunday bite 
full denture 
occlusal filling therapy 
minimal dental arches (bil.) 
occlusal restoration tunc 
index 
molar intcrdigation right 
prosih. treated incomplete 
dental arches 
tooth bound spaces (bil ) 
partially erupted teeth 
direction 
of effect 
prescnt+ 
present'1' 
number'1' 
present" 
number* 
unstablc+ 
present+ 
number4" 
number" 
dentate subjects 
no prosthesis/es 
N = 
Ai 
0.01 
X 
-
-
-
-
-
-
-
2273 
Di+ 
_ 
-
-
0.002 
0.006 
0.01 
-
-
0 04" 
Di" 
_ 
-
-
0.0004 
0.0000: 
0.01 
-
-
X 
dentate subjects 
no 
N = 
Ai 
full denture 
 2512 
Di+ 
0.03 
X 
-
-
-
-
-
-
-
-
-
0 004 
0.004 
-
-
-
0.002-
Di" 
_ 
-
-
0.002 
0.0000· 
-
-
0.03 
\ 
dentate subjects 
N = 
Ai 
0.02 
-
-
-
-
-
-
-
-
2718 
Di+ 
_ 
0.0001 
0.0007 
0 02 
-
-
-
-
0.004-
Di-
_ 
0 0001 
-
-
0.0000 
-
0.003 
-
X 
χ = not studied = significant, coirected for Bonfcrroni (p < 0.0015) - = not significant - = negative correlation 
Table 6-5 P-\aIues of the independent variables (37) with the clinital Di and the 
anamnestic (Ai) d\sfunttion index as analvsed with the forward regression method, 
complete, on 3 populations 
direc­
tion of 
effect 
dentate subjects 
no prosthesis/es 
N = 2273 
Ai Di 
dentate subjects 
no full denture 
N = 2512 
Ai Di 
dentate subjects 
N = 2718 
Ai Di 
gender fcmalc+ 0 0001 0 0001 0 0000 0 0001 0 0000 0 0000 
vounger than 25 year old+ - 0 0002 0 0001 - 0 0001 
older than 45 year ^ u n g ' 0 0000 0 0018 0 0000 0 0008 0 0000 0 0008 
crowding lower jaw present* - - 0 05 - 0 05 -
mohr interdigitation left unstablc+ 0 05 - 0 04 0 03 -
molar interdigitalion right unstable"1" 0 02 -
crowding upper jaw present* - 0 02 0 03 0 05 0 03 0 05 
occlusal crowns number* - - 0 03 -
removable prosthodontic 
appliance present* χ \ 0 04 - 0 02 -
minimal dental ai ches (bil )present+ - 0 05 
full denture piesent+ χ \ \ χ - 0 01 
occlusal filling therapy number* - 0 05 
as\ mmetnc support left present* 0 02 - -
interdigitation premolar/ 
molar total unstable* 0 04 -
χ = not studied 
= significant, conectcd for Bonferrom (p < 0 0015) 
= not significant 
The results as depicted on the tables 6 3 to 6-5 lead to the following 
conclusions -
• Age and gender are evidently related to C M D (anamncsticallv as well as 
clinically) 
• The presence of a full denture in either the upper, or the lower jaw is of 
importance in relation to C M D (clinical dysfunction index). 
• Minimal dental arches (consisting of only anterior support) correlate with 
the clinical dysfunction index. 
• The dental variables related to morphology and the majority of the occlusal 
contact/surface quality variables, as well as trauma show no statistic relevant 
importance with respect to C M D . 
• The restoration variables result into acceptable p-values in the analyses if age 
and gender were excluded. 
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6.6.2 Results from the analyses of the case-control sample 
First the only nominal variable: anterior tooth contact, had to be analysed 
separately. This variable had, in this subsample, also no statistic relevant 
significance. Due to the sample size the variable unilateral cuspid relation 
became dichotomous (ordinal) because of the lack of subjects with class III 
cuspid relation. The same happened with the variables anterior tooth relation 
and overbite. 
The results of the regression analyses stepwise forward with the variables age, 
gender and removable prosthodontic appliance forced as the first steps in the 
analyses, are presented in table 6-6. The analyses were performed on the 
differently defined case groups. The independent variables were also grouped 
as outlined in 6.5.3. 
Based on the data of table 6-6 the following conclusions can be made: 
• Somatisation is evidently correlated to CMD. 
• If the somatisation variable was excluded from the analyses, the general joint 
symptoms (sounds, pain and stiffness) and TMJ hypermobility as well as 
chewing complaints showed a correlation to CMD. 
• The extreme and real cases defined as cases scoring at least clinical 
dysfuntion group > 2 showed a significant correlation with general joint 
symptoms (sounds, and pain + stiffness). 
• When CMD was analysed simultaneously with different types of variables 
(multifactorial approach), the occlusal variables seem not to be primarily 
related to CMD. 
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Table 6-6 Ρ values of the independent variables anaKscd in 4 groups, in the five case-
control subsamples with regression analvses, stepwise forward, the variables age, gender 
and removable prosthodontic appliance forced 
sample/variables in the analysis SOMAT. GJS chewing TMJ GJS 
sounds function hvper pain/ 
mobility stiffness 
sample case-control η = 309 (123cascs) 
complete number of variabks 0 0000 -
incomplète number of variables 
strcss/somatisauon/occlusal wear excluded χ 0 0001 0 0000 -
stress/somatisation excluded χ 0 0004 0 0002 -
occlusal wear excluded 0 0000 
sample joint-sound cases π = 290 (104 cases) 
complete numbei of variable:, 0 0000 
incomplete number of variables 
stress/somatisation/occlusal weai excluded χ 0 0001 0 0000 0 0008 
stress/somatisation excluded χ 0 0002 0 0004 -
occlusal wear excluded 0 0000 -
sample pain and joint sound cases η = 245 
(59 cases) 
complete number of vai tables 0 0001 -
incomplete number of variables 
strcss/somalisatmn/occlusal wear excluded χ - 0 0003 0 0009 
stress/somatisation excluded χ 0 0011 
occlusal wear excluded 0 0000 -
sample: extreme cases η = 228 (66 cases) 
complete number of variables 0 0000 - 0 0008 -
incomplete number of variables 
stress/somatisation/occlusal wear excluded χ 0 0001 0 0000 -
stress/somatisation excluded χ 0 0007 0 0000 -
occlusal wear excluded 0 0000 
sample: real cases η = 194 (32 cases) 
complete number oj variables 0 0000 - 0 0009 -
incomplete number of variables 
btrcss/somatisation/occlusal wear excluded χ 
stress/somatisation excluded χ 
occlusal wear excluded 0 0000 
0 0000 -
0 0000 -
0 0009 -
0 0005 
0 0007 
_ 
• = not significant χ = not studied 
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6.7 D I S C U S S I O N 
6.7.1 Morphologie occlusal factors and C M D 
The main studies regarding the morphologic variables and C M D are presented 
in table 6-7. It is selected and specified from the overview depicted in table 6-2. 
Table 6-7 Overview ot the studies regarding the relation between CMD and 
morphologic occlusal factors by first author. 
author year sample age overbite overjet Angle crowding tooth 
class. rotations 
Bocnng 
Molin 
Grosfcld 
Mohlin 
Solberg 
Egcrmark 
Mohlin 
Ga/it 
Nilncr 
Dc I aat 
Wanman 
De Boever 
Kononcn 
S/entpétery 
Tcgelberg 
Moore Gunn 
Pullingcr 
1966 
1976 
1977 
1978 
1979 
1982 
1983 
1984 
1985 
1986 
1986 
1987 
1987 
1987 
1987 
1988 
1988 
400 
253 
800 
56 
739 
402 
272 
369 
440 
121 
285 
75 
166 
600 
123 
151 
222 
10-74 -
18-25 
15-22 χ 
16-62 
19-25 -
7-15 
20-45 
10-18 
7-14 
22-28 -
17 
8-11 
10-16 -
12-85 
±57 
6 18 
19-40 
-
-
χ 
-
χ 
-
-
χ 
χ 
χ 
χ 
χ 
χ 
χ 
-
-
-
: studied, not signiticantly correlated with CMD 
-- studied, some correlation with CMD 
χ = not studied 
- Prevalence of the morphologic occlusal factors 
The prevalence of the specified morphologic occlusal factors is presented in 
appendix E. 
Despite the examination of different age groups, the percentages of the Angle 
classification in this study arc in agreement with the results of studies 
presenting prevalence figures (Mohlin and Kopp, 1978; Nilncr, 1985; Konóncn 
et al., 1987). Grossfcld et al. (1977) and Mohlin (1983) described the recording 
of the Angle classification but the prevalence was not presented. Of the Dutch 
adult population, 9 5 % of the subjects show a vertical overbite ranging from 0-
2/3 tooth length of the measured lower incisor. An open bite is present in 3 % 
of the subjects (Egermark, 1982: 1-5%; Nilncr, 1985: 6-15%; Wanman and 
Agerberg, 1986: 3-4% and Konónen et al., 1987: 0%). The agreement of the 
open bite results of this study with the results of Wanman and Agerberg is 
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possibly due to the sample (17 year old subjects) The prevalence of the open 
bite, reported by Mohhn and Kopp (1978), 16 1%, is probably biased by 
coincidental recordings Their sample was composed of 56 subjects with an age 
from 16 to 62 The crowding results of this study cannot be compared with 
similar studies because, though measured, the prevalence of crowding was not 
reported (Mohhn, 1983) 
- Ltiologic component of the morphologic occlusal factors 
Results of the analyses (6 6 1) regarding the morphologic occlusal factors 
showed that only crowding is correlated (p = 0 02) with the dysfunction 
indices The correlation, however, is not significant if corrected according to 
Bonferrom Considering the results of the case control analyses (table 6-6), the 
following conclusion can be formulated 
morphologic occlusal chaiactenstics seem not to be related i^ith anamnestically 
as -veli as clinically assessed CMD 
In the reviewed studies (table 6-2) the correlation of C M D and the dcntofacial 
variables was approximately 40 times analysed with different tests on different 
samples The only reported statistic significant correlations of these studies are 
summarized in table 6 8 
Table 6 8 Overview of the studies reporting significant correlations of morphologic 
occlusal \ ambles and GMD (Ai = anamnestic index, Di = clinical index and S+S = sign 
or s\ mptom) by first author 
author 
Mohhn 
Nilner 
De Laat 
Szentpctery 
Tegelberg 
year 
1983 
1985 
1986 
1987 
1987 
sample 
272 
440 
121 
600 
123 
age 
20-45 
7 14 
22 28 
12 85 
± 5 7 
reported correlation 
tooth rotations with Ai 
disto occlusion with S+S joint sounds 
- deep bite with S+S clenching 
Angle Class II and III with Ai 
- disto occlusion with Di (inversed correlation) 
deep bite with Di (inversed correlation) 
vertical overbite with Ritchie-index 
(neg Lorr) 
Ritchie-index = an articular index for the assessment of joint tenderness (Ritchie, 1968) 
Based on the present study and the literature it may be concluded that time 
spent on the registration of morphologic occlusal variables with respect to the 
examination of C M D seems to be a waste of energy 
6.7.2 Occlusal contact and CMD 
Studies of C M D and "occlusion" are numerous This section deals with the 
occlusal contact aspects according to the differentiation presented in table 3-8 
The prevalence and distribution of the occlusal contact factors in this study are 
presented in appendix L· Studies of C M D and occlusal contact variables 
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selected and specified from the overview depicted in table 6-2, arc presented in 
table 6-9. 
Table 6-9 Overview of the studies regarding the relation between CMD and occlusal 
contact factors by iirst author 
author year sample age number location tooth cuspid inter-
of teeth of teeth contact guidance ferenccs 
Bocnng 
Agerbcrg 
Helkimo 
Hansson 
Mohn 
Grosfeld 
Magnusson 
Mohlm 
Osterbcrg 
Solberg 
Swanljung 
De Boever 
Ingervall 
Rao 
bgermark 
Abdel Hakim 
Kampe 
Mohlm 
Rieder 
Droukas 
Ga7it 
Mejcrsjo 
Budt7-Jorgenscr 
Kirveskan 
Nilner 
Dc I aat 
Wanman 
De Boever 
Kononen 
S/entpeterv 
Tegclberg 
Moore Gunn 
Pulhngcr 
lervonen 
Witter 
Kirveskan 
1966 
1973 
1974 
1975 
1976 
1977 
1978 
1978 
1979 
1979 
1979 
1980 
1980 
1981 
1982 
1983 
1983 
1983 
1983 
1984 
1984 
1984 
ι 1985 
1985 
1985 
1986 
1986 
1987 
1987 
1987 
1987 
1988 
1988 
1988 
1988 
1989 
400 
1106 
321 
1069 
253 
800 
160 
56 
1148 
739 
583 
135 
389 
1187 
402 
215 
63 
272 
1040 
48 
369 
154 
146 
521 
749 
121 
285 
75 
166 
600 
123 
151 
222 
1600 
132 
99 
10-74 
15 74 
15-65 
10-79 
18-25 
15-22 
? 
16-62 
70 
19-25 
18-64 
12-68 
21-54 
16-56 
7-15 
17-65 
17-23 
20-45 
13-86 
20-38 
10-18 
18-60 
60-75 
17-62 
7-18 
22-28 
17 
8-11 
10-16 
12-85 
±57 
6-18 
19-40 
25-65 
20-70 
15-18 
-
-
-
-
-
X 
-
X 
-
-
X 
-
X 
-
X 
-
-
-
X 
-
-
-
X 
X 
X 
X 
-
X 
-
-
-
X 
-
-
-
-
X 
-
X 
-
X 
-
-
X 
-
X 
-
X 
-
X 
-
X 
1 
X 
-
X 
X 
X 
-
X 
X 
X 
-
X 
X 
-
X 
X 
X 
-
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
-
X 
-
X 
X 
X 
X 
-
-
X 
X 
X 
X 
X 
-
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
-
X 
X 
X 
X 
X 
-
-
X 
-
X 
-
X 
X 
X 
X 
X 
X 
-
X 
-
-
-
-
-
X 
X 
-
X 
" 
-
-
-
-
-
X 
-
-
-
-
-
X 
X 
- = studied, not significantly correlated with CMD χ = not studied 
= studied, some correlation with CMD ' = not reported 
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The reviewed literature reported 24 significant correlations of occlusal contact 
aspects and C M D . On the other hand, 66 times no correlation was found. 
Reflecting to table 6-2 it is also obvious that correlation testing was not 
corrected for the multifactorial character of C M D . In table 6-10 the precise 
correlation of the marked ( ) correlations from table 6-9 are outlined 
Table 6-10 Overview of the studies reporting significant correlations of occlusal contact 
vanables and CMD (Ai = anamnestic index, Di = clinical index and S+S = sign or 
symptom) by first author 
author year sampleagc reported correlation 
Boering 1966 400 10-74 -
Agcrbcrg 1973 1106 15-74 
Hclkimo 1974 321 15-65 
Molin 1976 253 18-25 
Grosfcld 1977 800 15 22 
Solbcrg 1979 739 19-25 
DeBocver 1980 135 12 68 
Ingervall 1980 389 21-54 
Kampe 1983 63 17-23 
Mc)ers)o 1984 154 18-60 
Budtz 
Jorgensen 1985 146 60-75 
Kirveskan 1985 521 17-62 
DcLaat 1986 121 22-28 
unmutilatcd occlusion with radiografically assessed 
deformed ]oints 
loss of molar support with S + S 
(unilateral) chewing function 
number of teeth with Ai 
number of missing teeth with Di 
balancing side interferences with S+S pain 
on movement, muscle tenderness 
occlusal interferences with Di ("in the older TMJ 
group") 
mcdiotrusive interferences with Di 
premature contacts on balancing side with Di 
non-working side influence with Ai and S+S 
locking + luxing, sounds 
interferences in the RCP with S+S muscle tenderness 
mcdiotrusive interferences with Di 
decreased molar support with S+S sounds, 
deviation, locking and luxing 
lateral slide RCP ICP with S+S pain during 
movement, restricted lateral movements, facial pain 
loss of supporting zones with S+S muscle palpation 
loss of teeth 14/24 with (predisposition to) dysfunction 
unilateral contact in RCP with Ai and Di 
fewer teeth with Ai 
lack of both molar supporting /ones with Ai 
anterior open bite with TMJ crepitus 
sagittal distance RCP-1CP with TMJ crepitus 
Pullmger 1988 222 19-40 - absence of slide RCP ICP with S+S TMJ-sounds 
(clicking) 
- unilateral posterior crossbite with S+S clicking 
Kirvcskan 1989 99 15-18 - interferences with S+S number of clinical CMD-signs 
Szentpeterv 1987 600 12-85 
fegclberg 1987 123 ±57 
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The comparison of the correlations of tabic 6-10 and the results of this study 
are differentiated into comparison of (1) number and location of teeth and (2) 
occlusal interferences. 
- Number and location of teeth. 
Our results (table 6-3, correlation of minimal dental arches - only anterior 
support present - with Di, ρ = 0.0001), arc in agreement with the reported 
correlations of table 6-10. The absence of such a correlation, however, was 
more often reported in the literature (table 6-9). 
- Occlusal interferences. 
Occlusal interferences were only tested in the case-control sample. The results 
(table 6-6) do not show any correlation of an occlusal factor when 
simultaneously tested with other (possible) CMD-related factors (for instance 
somatisation - general joint diseases). The studies from table 6-10 did not have 
a similar "multifactorial" design. This might be an explanation of the reported 
correlations. Moreover, absence of a correlation of interferences and CMD was 
twice as much reported (table 6-9). 
6.7.3 Occlusal surface quality and CMD. 
In table 6-11 the studies regarding occlusal surface quality and CMD arc 
presented as deduced from table 6-2. The majority of the studies reflected the 
occlusal wear aspect. The prevalence of the occlusal surface quality recordings 
of the nationwide survey arc outlined in appendix lì,. 
Table 6-11 shows an acceptable significant - not significant ratio (2.5:1) of the 
removable prostheses variable. This is in contrast with the poor significance 
ratio of the occlusal wear variable, approximately 1:3. The "significance ratio 
trend" agrees with the results of this study: (1) removable prosthodontic 
appliances appear to be correlated with CMD (nationwide results, section 
6.6.1) and (2) no significant correlation was found of occlusal wear and CMD, 
even with the condition of analysing the independent variables without the 
highly significant somatisation variable (case-control results table 6-6). The 
precise reported correlation of the marked ('f) correlations from table 6-11 arc 
depicted in table 6-12. 
6.7.4 Anamnestic aspects and CMD 
Comparable to the presentation of the three previous clinical aspect groups, the 
anamnestic aspects arc presented in two tables. Based on the studies from table 
6-2 an overview of epidemiological studies of anamnestic aspects and CMD is 
outlined in table 6-13. In table 6-14 the reported significant correlations of the 
anamnestic aspects and CMD arc presented. 
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Tabic 6-11 CKerview of the studies regarding the relation between CMD and occlusal 
surface quality factors by first author 
jthor year sample age filled/crowned removable occlusal 
surfaces prosthesis wear 
Boenng 
Helkimo 
Hansson 
Grosteld 
Swanljung 
Dc Boevcr 
Egermark 
Abdel-Hakim 
Kampe 
Mohlin 
Droukas 
Ga/it 
Mejcrsjo 
Nilner 
De Laat 
De Boever 
S/entpctery 
Seligman 
Tervonen 
Witter 
1966 
1974 
1975 
1977 
1979 
1980 
1982 
1983 
1983 
1983 
1984 
1984 
1984 
1985 
1986 
1987 
1987 
1988 
1988 
1988 
400 
321 
1069 
800 
583 
135 
402 
215 
63 
272 
48 
369 
154 
749 
121 
75 
600 
222 
1600 
132 
10-74 
15-65 
10-79 
15-22 
18 64 
12-68 
7-15 
17-65 
17-23 
20-45 
20-38 
10-18 
18 60 
7 18 
22-28 
8-11 
12-85 
19-40 
25 65 
20 70 
X 
X 
X 
X 
X 
X 
X 
X 
-
X 
X 
X 
X 
X 
X 
X 
X 
X 
= studied, not significantly correlated with CMD 
= studied, some correlation with CMD 
χ = not studied 
' = not reported 
Table 6-12 Chcrview of the studies reporting significant correlations of occlusal 
surface quality factors and CMD (Ai = anamnestic index, Di = clinical index, S+S = sign 
or s) mptom) by first author 
author year sample age reported correlation 
Boenng 1966 400 10-74 
Helkimo 
Swanljung 
Kampe 
Gazit 
Me|ersjo 
De Laat 
S/entpeiery 
1974 
1979 
1983 
1984 
1984 
1986 
1987 
321 
583 
63 
369 
154 
121 
600 
15-65 
18-64 
1723 
10-18 
18-60 
22-28 
12-85 
Tervonen 1988 1600 25-65 
abrasion/chewing sue of preference with TMJ-
complaints 
• denture wearing with Di 
• denture wearing with Di 
dental filling therapy with Di 
occlusal wear with S+S joint sound 
• use of dentures with S+S impaired TMJ function 
wear facets with Ai and Di 
fixed and removable prosthesis with Di 
excessive wear with Di 
- complete dentures with Di 
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Table 6-13 Overview of the studies regarding the relation between CMD and 
anamnestic aspects b\ first author 
author 
Bocnng 
Fine 
Agerbcrg 
Helkimo 
Hansson 
Cathomcn-Rothch 
Molin 
Grosfeld 
Magnusson 
Osterbcrg 
Solberg 
Swanl)ung 
De Boever 
Ingcrvall 
Moody 
Rao 
Fgcrmark 
Abdcl-Hakim 
I-earon 
Mohlin 
Riedcr 
Droukas 
Ga / i t 
Mcjersjo 
Budtz-Jorgensen 
Duinkerke 
Nilner 
De Laat 
Wanman 
Kononen 
S/cntpétery 
Tegclbcrg 
Moore G u n n 
Pullinger 
Tervoncn 
Witter 
Kirveskan 
year 
1966 
1971 
1973 
1974 
1975 
1976 
1976 
1977 
1978 
1979 
1979 
1979 
1980 
1980 
1981 
1981 
1982 
1983 
1983 
1983 
1983 
1984 
1984 
1984 
1985 
1985 
1985 
1986 
1986 
1987 
1987 
1987 
1988 
1988 
1988 
1988 
1989 
sample 
400 
100 
1106 
321 
1069 
115 
253 
800 
160 
1148 
739 
583 
135 
389 
104 
1187 
402 
215 
56 
272 
1040 
48 
369 
154 
146 
211 
749 
121 
285 
166 
600 
123 
151 
222 
1600 
132 
99 
age 
10-74 
> 
15-74 
15-65 
10-79 
30-50 
18-25 
15-22 
) 
70 
19-25 
18-64 
12-68 
21-54 
> 
16-56 
7-15 
17-65 
5 
20-45 
13-86 
20-38 
10-18 
18-60 
60-75 
20-39 
7-18 
22-28 
17 
10-16 
12-85 
± 5 7 
6-18 
19-40 
25-65 
20-70 
15-18 
"8 
_c 
"« 
и 
и 
с 
ä 
1 
χ 
-
-
χ 
χ 
-
-
-
χ 
-
-
χ 
-
-
χ 
-
-
χ 
-
χ 
χ 
? 
-
-
χ 
-
-
-
- = studied, not significantly correlated with C M D 
= studied, some correlation with C M D 
4-1 
с 
"« 
и 
<Ц 
G it 
ас 
χ 
χ 
χ 
-
χ 
χ 
χ 
χ 
χ 
-
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
-
χ 
χ 
χ 
χ 
χ 
χ 
χ 
^ 
χ 
χ 
χ 
χ 
χ 
« 
Ε 
3 
я 
ι. 
_ 
χ 
χ 
χ 
χ 
χ 
-
-
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
-
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ = 
? = 
4-1 
1 
-
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
с 
_0 
с 
υ 
υ 
Χ 
Χ 
Χ 
Χ 
χ 
χ 
-
χ 
χ 
χ 
-
χ 
-
χ 
-
χ 
-
χ 
-
χ 
χ 
-
-
χ 
χ 
χ 
χ 
ί-
χ 
χ 
χ 
-
χ 
not studied 
not reported 
с 
.0 
с 
г 
я 
w 
η 
о. 
-
χ 
-
χ 
χ 
-
-
χ 
-
-
-
-
χ 
χ 
χ 
-
-
-
-
χ 
χ 
-
-
χ 
^ 
χ 
-
χ 
χ 
-
1 
(Λ 
4-· 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
λ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
с 
« 
« 
Ε 
ο 
(Λ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
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Clustering of anamnestic variables implicates a great variety of different 
variables which have to be outlined and discussed in one section 
Table 6-1 shows the different aspects with respect to the etiology of C M D . In 
table 6-13 the studied anamnestic aspects are specified according to author and 
correlation with C M Ü A remark with respect to the "general health" aspect 
concerns the composition of the general health group Ые еп of the fifteen 
studies with a negative correlation of general health with C M D , defined general 
health in terms of "headaches" Moreover, it is also remarkable that only one of 
the reviewed studies paid attention to the variable "heredity" (Boenng, 1966). 
I inally, there are very few epidemiological studies with regard to stress and 
C M D The reported significant correlations of the studies from table 6-13 arc 
presented in table 6-14 
Table 6-14 Overview of the studies reporting significant correlations of specified 
anamnestic variables and CMD (Ai = anamnestic index, Di = clinical index, S+S = sign 
or symptom) by first author 
author year sample age reported correlation 
Boenng 1966 400 10-74 
Fine 1971 100 
Agerberg 1973 1106 15-74 
Helkimo 1974 321 
Hansson 
Cathomen 
Rotheli 
Mohn 
Magnussen 
Solbere 
1975 
1976 
1976 
1978 
1979 
1069 
115 
253 
160 
739 
10-79 
30-50 
18-25 
5 
19-25 
Ingcrvall 1980 389 21-54 
- frequently reported psychosomatic complaints with 
TMJ complaints 
- constitutional factors (general joint hypermobility) 
with S + S TMJ hvpcrmobihty 
- unilateral chewing habit with TMJ arthrosis 
- "psychiatric diagnosis" with Di (non organic TMJ 
syndrome patients as diagnosed with radiographs 
of the TMJ) 
- general health with Ai 
- general joint symptoms with S+S impaired 
mandibular mobility 
- chewability with S+S impaired mandibular mobility 
- parafunctions with S+S functional pain 
15-65 - general health with Ai and Di 
- general joint symptoms with Ai and Di 
- chewing function with Ai and Di 
headache with S+S muscle palpation 
"personality" with TMJ-subjccts disturbances of 
general psvehosomatic behaviour 
general joint + muscle symptoms with Di 
headache with S+S muscle palpation 
clenching with S+S headache 
headache with S+S TMJ + muscle tenderness to 
palpation 
bruxism with S+S mouthopenmg and muscle 
tenderness 
general joint symptoms with S+S pain on movement 
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Tabic 6-14 (continued) 0\er\ iew of the studies reporting significant correlations of 
speellied anamnestic \ariablcs and GMD (Ai = anamnestic index, Di = clinical index, 
S+S = sign or s\mptom) b\ first author. 
author year sample age reported correlation 
hgermark 1982 402 
I-earon 1983 56 
Dumkerkc 1985 211 
7-15 
? 
20-39 
Moody 1981 104 ? - "stress" with TMJ-subjccts 
- objective and subjective pam scores with stress 
- bruxism with Di 
- Social Readjustment Rating scale with TMJ-subjects 
- somatic scale ol the USCI, with SfS: mobility index, 
impaired TMJ-funuion and muscle + TMJ pain on 
palpation 
- psychological scale of the USCI, with S+S: mobility 
index, impaired 'I MJ-lunction and muscle + TMJ 
pain on palpation 
- clenching and gnnding with S+S: TMJ and muscle 
tenderness 
10-16 - oral paralunctions with Di 
12-85 - headache with Ai and Di 
- unilateral chcwabilitj with Ai 
- clenching and bruxing with Ai 
- "life events" with Ai and Di 
±57 - serum acute phase rcactans with TMJ involvement 
- rheumatologic indices with TMJ nnolvement 
- chewing ability with Ritchie-index 
19-40 - trauma with Ai 
20 70 - clenching and bruxing with S+S: pain around the TMJ 
Nilner 1985 749 7-18 
Kononcn 1987 166 
Sz-entpétcry 1987 600 
Tegclberg 1987 123 
Pullingcr 1988 222 
Witter 1988 132 
Ritchie-index - an articular index for the assessment of joint tenderness (Ritchie, 1968). 
Somatisation as well as general joint symptoms showed the most evident 
"significance ratios". The results of the case-control analyses (table 6-6) and the 
reported significant correlations of table 6-14 appear to support each other 
(somatisation and general joint symptoms). In contrast with the results of 
Moody et al. (1981) and S/cntpétery et al. (1987), stress, defined in this study 
by the V R M G (section 3.3.1.4) did not show a correlation with GMD. 
6.8 QUANTIFICATION OF RISK TO GMD 
In chapter 2 (section 2.3) the data analyses of case-control studies are outlined 
in terms of relative risk and odds-ratios.A quantification of the risk of the 
CMD-related variables from table 6-6 is now presented in terms of risk to 
C M D . T h e presented analyses refer to the joint-sound cases sample. The 
variables of interest arc: somatisation, general joint sounds, chewing complaints 
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and h\periTiobility of the joints These 4 independent variables came out to be 
the risk factors in relation to CMÜ, conditioned the presence of joint sounds 
Quantification of risk in terms of odds-ratios requires dichotomeous data 
rhercforc, the risk factor somatisation was split in two groups, low and high 
somatisation The 4 risk factors and the 2 stratification characteristics (gender 
and age) were simultaneouslv analysed m a hyrarchical backwards log linear 
model Gender and age turned out to be not relevant in this analyses, probably 
due to л successful stratification As could be expected, the 4 risk factors were 
all ver) significant (p<0 001) In addition a significant (p = 0 01) interaction 
with somatisation and hvpermobihty was present This means that a direct 
odds-ratio of the two other risk factors, general joint sounds and chewing 
complaints, ma) be piescnted A Mantcl-I laens/el procedure, however, had to 
be followed for the estimation of the risk for somatisation and hvpermobihty 
The assessment of the odds-ratio of the risk factor "chewing complaints" and 
"general joint sounds" is illustrated by a 2 χ 2 table (table 6-15) The 
confidential intervals are presented according to Woolf (section 2 6 1) The 
interaction is depicted by six 2 χ 2 tables including the corresponding odds-
ratios according to the Mantcl-Haens/el procedure (table 6-16) 
The differences of the odds-ratios, conditioned yes/no interaction of 
somatisation and hypermobihty of the joints, do support the conclusion to 
consider the etiology of C M Ü as a multivariate phenomenon 
If hypermobihty of the joints is present, the somatisation is of minor 
importance to C M D I ven if somatisation is present, it is less likely to suppose 
that hypermobili t) , though present, will be of additional importance to C M D 
Careful interpretation of the odds ratios is suggested, based on the simplicity 
of the model and the rclativeh wide intervals for the odds ratios 
lable 6 15 Odds-ratios (ψ) and confidcmnl intervals (CI) of chewing complaints (A) 
and general joint sounds (B) in the ' joint sound eise" (JS-case) sample (n = 272) 
A chewing compLimts 
no ves 
11 ψ =163x24 = 4 8 control 163 
JS case 74 24 74 λ 11 
CI = 2 2 - 1 0 3 
В genual joint sounds 
no ves 
control 98 I 76 ψ = 98 χ 64 = 2 4 
JS eise 34 Гб4 34 \ 76 
CI = 1 5-4 1 
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Table 6-16 Odds-ratios of the overall table and in the subgroups of somatisation (A) 
and hvpermobilit\ of the joints (B) in the "joint sound case" (JS-case) sample (n = 272) 
A 
overall 2 x 2 table 
of somatisation 
somati 
no 
control 149 
JS case 55 
ψ = 4 59 
sation 
yes 
25 
43 
2 x 2 tables of 
for hypermob 
hypermobihty 
control 
JS case 
ψ = 3 92 
Vmh = 3 89 С 
somatisation controlling 
hty (subgroups) 
negativ 
somatisation 
no yes 
127 18 
36 20 
= 2 10-6 70 
hypermobihty positiv 
somatisation 
no yes 
control 22 7 
JS case 19 23 
ψ = 3 80 
В 
overall 2 x 2 table of ι 2 χ 2 tables of hypermobihty of the joints 
hypermobihty of the joints ' controlling for somatisation (subgroups) 
control 
JS-casc 
ψ = 3 71 
hypermobi 
no 
145 
56 
yes 
29 
42 
hty 
somatisation negat 
control 
JS-casc 
ψ = 3 05 
IV 
hypermobihty 
no 
127 
36 
yes 
22 
19 
somatisation posi 
control 
JS case 
ψ = 2 96 
tiv 
hypermobihty 
no 
18 
20 
yes 
7 
23 
\|/
mh = 3 02 CI = 1 90 4 60 
Due to interaction the odds-ratio in the overall table is overestimated compared to the 
Mantel-I laens/el estimation (confounding-bias) 
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6.9 SUMMARY 
The etiology of CMD is generally considered to be multifactorial. In this 
chapter a multifactorial approach to study the etiology of CMD is described. 
Possible CMD-relatcd factors are summarized, clustered and analysed. After 
the presentation of the (nested) case-control design and the description of the 
tested variables, attention is paid to the statistical procedures. By means of 
regression analyses the etiology of CMD was studied in (1) the nationwide 
sample (n = 2718) and (2) the case-control subsample (η = 309). Considerations 
with respect to confoundcrs and interaction of variables were outlined. 
The results of this study were compared with other epidemiological studies by 
means of meta analysis. Therefore clustering of the CMD-related variables was 
performed. Four groups of variables of interest were created: (1) morphologic 
occlusal factors, (2) occlusal contact aspects, (3) occlusal surface factors and (4) 
anamnestic aspects. The reviewed studies were differentiated, according to the 
presentation of the results, into the four different groups. Next, each group was 
specified according to the reported results, and finally, the significant 
correlations of the specified variables of each group were summarized. 
The results of this study - discussed in the next chapter - were compared with 
the results of other investigations as such, or in terms of a "significant ratio". 
Finally, a quantification of the risk to CMD was presented in terms of odds-
ratios including the confidential intervals. 
The main conclusions based on the regression analyses of the nationwide- and 
the case-control sample, confirmed by the results of the meta analysis arc: 
• Age and gender are evidently related to CMD. 
• The presence of a removable partial prothese as well as a full denture in 
cither jaw tend to show a correlation with CMD signs and symptoms. 
• Differences in the number of teeth do not correlate with CMD except in case 
of "minimal dental arches" (only anterior support present). 
• Morphologic factors and the majority of the occlusal factors seem not to be 
directly related to CMD. 
• Chewing complaints, general joint symptoms (pain, sounds, stifness), TMJ-
hypermobility and especially somatisation arc correlated to CMD. 
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7 GENERAL DISCUSSION, 
CONCLUSIONS 
AND RECOMMENDATIONS 
During the last 25 years, the knowledge regarding CMD is increasing rapidly 
and has led to the conclusion that CMD is a complex problem. Realistic data 
about prevalence, treatment need and causative factors are still scarce. In this 
chapter attention will be paid to some aspects of this study. 
• Presentation of the CMD prevalence data 
The prevalence of CMD is usually expressed in the dysfunction indices of 
Helkimo. Van der Weclc and Dibbets (1987) screened the construction of the 
Helkimo indices critically. With respect to the clinical dysfunction index , they 
concluded: "The discussion should be directed to improving the existing scale 
rather than trying to construct a new one". They described the possible origins 
of the recorded or reported signs and symptoms, and stated: "It is confusing to 
associate symptoms belonging to different categories in a common scale as long 
as no evidence exists that these symptoms arc exclusivelcy the result of one 
specific joint dysfunction, or that these respective symptoms unquestionably 
cause this joint dysfunction". Pullingcr and Monteiro (1988) proposed to use 
three parameters to express the severity of the CMD, rather than just the 
recording of the presence of signs and symptoms. They formulated: (1) 
symptom intensity, (2) disability, and (3) progression of the signs and 
symptoms of CMD. With the data of the present study - namely treatment 
need data, independently recorded from the assessment of the clinical signs and 
symptoms of CMD - it is possible to get insight into the experienced degree of 
intensity and disability of the signs and symptoms. This allows to improve the 
clinical dysfunction scale of Helkimo. 
Based on the results of this study, it is suggested to present prevalence data of 
CMD by: (1) WHO age groups, (2) gender, and (3) dentition (natural 
dentition/prosthesis), expressed in percentages of signs and symptoms of 
CMD. In addition the patient-assessed treatment need should be analysed to 
get insight into the perception and severity of the signs and symptoms of 
CMD. Though very subjective, this might be done in the form of indices. 
These CMD indices should be composed of the ratios of "signs present, no 
need for treatment" versus "signs present, need for treatment". 
• Prevalence of CMD in the NetherUnds 
The results of this study tend to show that CMD is a relative important 
(dental) disease. However, the prevalence seems to have been overestimated in 
many other studies. It was found that the prevalence rate of CMD, expressed in 
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the Hclkimo index D7T·,, IS around 5% for the Dutch adult population The 
treatment need due to CMD is 1 5% of the population In numbers of subjects 
it means that in the Dutch adult population more than 500 000 subjects have 
moderate to severe signs and symptoms of CMD and that about 165 000 
subjects need treatment In other words the average full time practi/ing dentist 
mav expect to diagnose about 340 subjects with CMD, and mav expect to treat 
approximatclv 18 CMD cases a year 
• Consequences for the dental profession and the dental curriculum 
In the past little attention was paid to CMD in the standard dental curriculum 
Some 20 years ago several dental schools started to include CMD in their 
graduate course However, the divergence in training in this subject is still 
large, which means that manv dentists arc lacking the needed knowledge to 
diagnose and treat CMD in their practice 
The results of this and other studies show that dental practitioners should be 
familiar with the necessarv knowledge to diagnose and treat CMD Therefore, 
it is recommended to screen the existing dental curnculums and to check 
whether thev meet at least some basic educational objectives in this field 
The large number of dentists with deficient knowledge and practical training 
should be stimulated to follow post-graduate courses in CMD diagnosis and 
therapy In the interest of the CMD patient this training should not be 
organized on a voluntary basis 
• Recommendations to current treatment options 
In chapter 1 (section 1 4) it was noted that in the past the role of occlusion was 
overestimated as an enologie factor in CMD This has resulted in a number of 
one sided and not substantiated but drastic approaches in the treatment of 
CMD, often leading to irreversible and costly occlusal reconstructive measures 
However, thinking has changed since several clinical studies showed the more 
modest role occlusion deserves as a co enologie factor, of which the precise 
mechanism is not clear yet (Mohl et al, 1988) Both, the meta analyses to the 
etiologv of CMD, as well as the findings of this study do confirm this new wav 
of thinking 
As long as the knowledge regarding treatment results and the role of occlusion 
is msufhuentlv substantiated, it is recommended to stress the relative simple 
and reversible options These include counseling, exercises, physical therapy 
and splint therapy Preventive occlusal adjustment should be performed with 
restriction Occlusal reconstruction, with the aim to treat CMD, should only 
be executed after initial treatment has indicated that these measures have a 
predictable result 
• Future research 
I-urther research should be concentrated towards the clarification of the exact 
role of the different causative factors of CMD This ma\ result in more solid 
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recommendations for the prevention and treatment of CMD. A case-control 
study focussed on incident cases might for instance reveal the more precise 
interaction between occlusion and CMD. 
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SUMMARY 
The prevalence of signs and symptoms of CMD in the Dutch adult population 
is unknown As a result, the importance of CMD as a (dental) disease in terms 
of distress and tieatment need is also unclear In addition there arc several 
insufficiently substantiated and not completely understood theories about the 
etiology of CMD 
Chapter one starts with a historical overview and an introduction of the various 
terms used to define functional disorders of the stomatognathic system CMD 
prevalence data of other epidemiological studies are reviewed The prevalence 
ranges of the signs and symptoms of CMD varied between 11 and 58% for the 
anamnestically, and between 20 and 88% for the clinically assessed studies 
These large ranges aie explained by the different definitions of the disorder, the 
often fluctuating signs and symptoms of CMD, and the different population 
characteristics I he main etiological theories are described, and the therapeutic 
approaches are mentioned 
The objectives of this study arc to get insight in the prevalence and treatment 
need of CMD in the Dutch adult population, and to investigate the etiology of 
CMD 
In chapter two the methodology to investigate the etiology of diseases in 
observational stud) designs is presented Several etiology related terms, such as 
causality, monocausal , and mulucausal thinking arc explained Next, 
definitions, advantages, limitations and the application of different tvpes of 
observational etiological studies are outlined Besides, the probability and the 
quantification of risk of these different types of studies arc presented Since the 
case-control study design is nowadays the most promising design, attention is 
paid to some specific methodological problems Furthermore, selection of 
participants and statistical procedures in case control studies arc outlined It is 
concluded that obseivational studies arc to be prcfercd to investigate the 
multifactorial etiology of CMD 
The pilot study, the used measurements and the consequences for the main 
study are described in chapter three Referring to the aims of the stud> 
(prevalence, treatment need and etiology of CMD), measurements with respect 
to the assessment of CMD as well as measurements regarding CMD-related 
factors, are depicted The signs and symptoms of CMD arc usually both 
anamnestically as well as clinically assessed Because of the multifactorial 
character of CMD, a large vanetv of CMD related factors have also been 
outlined in this chapter 
The used measurements were tested in a pilot study with a ease-control design 
at the dental school of Ni)megcn (n = 1155) The results of the pilot study 
showed several consequences for the main studv, cspecialK with respect to the 
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case and control selection procedures It was concluded that the developed and 
tested case and control selection method (a multiple choice questionnaire) was 
suitable to differentiate between the different disfunction groups according to 
Hclkimo's clinical index 
Chapter four deals with the quality of the obtained data Insight in the quality 
is important for the interpretation Attention is paid to the data quality as such, 
and to the explanation of some data quality related terms In alfabctical 
sequence inter- and intraobservcr agreement, reproducibility, sensitivity, 
specificity and validity were outlined 
The present knowledge regarding the applied examinations as well as the 
results of the reexaminations are given Detailed results and the reliability of 
two indirect occlusal wear measurement methods are presented Several aspects 
of the applied modifications regarding the method of Helkimo, and the 
consequences for the dysfunction index groups are discussed 
In chapter five the relation between the Dutch C M D prevalence and treatment 
need study with the Dutch dental epidemiological study (DDLS) is outlined 
Representative data regarding the presence of signs and symptoms of C M D in 
the Dutch adult population (anamncstically as well as clinically recorded) arc 
presented Compilation of the signs and symptoms is performed as much as 
possible according to the method of Helkimo 
Based on the information of chapter 4, an estimation of the clinical dysfunction 
indices of Helkimo is presented The results of this study show that the 
prevalence of subjects with Helkimo index D , ^ (moderate and severe signs and 
symptoms) appeared to be around 5 % Besides, age, gender and a prosthesis 
effect on C M D was analysed The CMD-prevalence data in terms of number of 
patients in the average full time Dutch dental practice arc also explored It was 
computed that the treatment need for the average Dutch practice is 18 patients 
Approximately 5 of these patients have also moderate to severe clinical distress 
(D2+3 group) 
The etiology of C M D is studied in a multifactorial approach, presented in 
chapter six Possible CMD-related factors are summarized, clustered and 
analysed After the presentation of the (nested) case-control design and the 
description of the tested variables, attention is paid to the statistical procedures. 
By means of regression analyses the etiology of C M D was studied in (1) the 
nationwide sample (n = 2718), and (2) the case-control subsample (η = 309) 
Considerations with respect to confoundcrs and interaction of variables were 
discussed 
The results of this study were compared with other epidemiological studies by 
means of meta analyses Therefore clustering of the CMD-related variables was 
performed I our groups of variables of interest were formed (1) morphologic 
occlusal factors, (2) occlusal contact aspects, (3) occlusal surface factors and 
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(4) anamnestic aspects The reviewed studies were differentiated, according to 
the presentation of the results, into the 4 different groups Next, each group 
was specified according to the reported results, and finalK, the significant 
correlations of the specified variables of each group were summarized 
The findings were compared with the results of other investigations as such, or 
in terms of a "significant ratio" Finally, a quantification of the risk to CMD 
was presented in terms of odds ratios including the confidential intervals 
In chapter seven attention is paid to the presentation and interpretation of the 
CMD prevalence data, the consequences for the dental curriculum and the 
practicing dentist Some recommendations are made regarding the current 
treatment options and future research 
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SAMbNVATTING 
Craniomandibulairc dysfunctie (CMD) wordt gekenmerkt door 
- geluiden in het kaakgewncht 
- pijn in en om het kaakgewncht en de kauw en aangczichtsspicren 
- bewegmgsbeperking van de ondcrkaak. 
In welke mate CMD (kaakgewrichtsklachtcn) in Nederland vóórkomt is niet 
bekend Het belang van CMD als een (tandheelkundige) ziekte, in termen van 
ongemak en behandelbehoeftc, is daarom ook niet duidelijk Bovendien zijn er 
verschillende, nog onvoldoende onderbouwde, theorieën over de mogelijke 
oor/aken van CMD 
In hoofdstuk een wordt een historisch overzicht gegeven en vindt kennis-
making plaats met de termen die gebruikt worden om functionele afwijkingen 
van het tandkaakstelsel te definieren Uit een gepresenteerd overzicht met 
gegevens over het voorkomen (de prevalentie) van CMD in andere landen, 
blijkt dat dc/e sterk varieert Anamnestisch, d w z door de patient aangegeven, 
varieert het voorkomen van 11 tot 58% Klinisch vastgesteld, waarmee bedoeld 
wordt door de (tand)arts gemeten, blijkt het percentage te vaneren van 20 tot 
88%. De/e uiteenlopende cijfers kunnen als volgt verklaard worden 
- er is geen eenduidige definiëring van de afwijking 
- de symptomen zijn in wisselende intensiteit aanwevig 
- de samenstelling van de onderzoekspopulatie verschilt per onderzoek 
Er wordt aandacht geschonken aan het ontstaan van CMD (de enologie) De 
huidige opvatting over de enologie van CMD is dat niet éen oorzaak, maar een 
samenspel van factoren tot CMD kan leiden (de zogenaamde "multifactonele 
enologie") 
De onderstaande behandehnogelijkhedcn voor CMD worden genoemd· 
- het informeren van de patient over de aard van de afwijking 
- bewegingsoefeningen met de onderkaak, fysiotherapie 
- het dragen van een kunststofplaatje over de kauw\ lakken van de gebits-
elementcn (de occlusale spalk) 
- het veranderen van de vorm van tanden en kiezen door deze te beshjpen of 
van kronen te voorzien 
- het veranderen van structuren in het gewricht door operatieve ingrepen of 
injecties met vloeistoffen 
Het doel van deze studie is (1) het verkrijgen van inzicht in de prevalentie en 
de behandelbehoeftc van CMD in Nederland, en (2) het bestuderen van de 
mogelijke oorzaken van CMD 
In hoofdstuk tbscc worden de verschillende methoden van onderzoek 
beschreven die beschikbaar zijn om oorzaken van ziektes te bestuderen Er 
wordt ingegaan op de verschillende observationele studiemodellen 
(onderzoeksmodellen waarbij de onderzoeker alleen maar waarneemt, /onder 
157 
actieve beïnvloeding van het te bestuderen fenomeen) Begrippen die bij dit 
soort onderzoek worden gebruikt, komen aan de orde, zoals, "causaliteit" (= 
de oor /aak moet aan de ziekte \ooratgaan), "monocausaliteit" (= er is sprake 
van één oorzaak die, afhankelijk van de omstandigheden, wel of niet tot ziekte 
leidt), en "multicausaliteit" (er zijn meerdere oorzaken, meerdere factoren van 
belang die door hun onderlinge samenspel elkaar remmen of versterken -
leiden tot ziekte). Vervolgens worden de verschillende typen van obscrvationcel 
onderzoek behandeld Voor- en nadelen, statistische rekentechnieken en de 
toepassing van de diverse onderzoeksmodellen komen daarbij aan de orde 
Daar het patiënt-controle onderzoek van de beschreven obscrvationelc onder-
zoeksmodellen tegenwoordig erg in de belangstelling staat, wordt nader 
aandacht besteed aan een aantal specifiek methodologische aspecten daarvan. 
Zo wordt ingegaan op de wijze waarop de deelnemers aan zo 'n onderzoek 
kunnen worden geselecteerd O p grond waarvan controle-personen 
("controls") worden geselecteerd die passen bij de patiënten die in de 
onderzoeksgroep worden aangetroffen ("cases") Door de /c paarvorming 
("matching") worden paren gevormd van "zieke" en "gezonde" personen, die 
met betrekking tot bijvoorbeeld leeftijd, geslacht en raskenmerk aan elkaar 
gelijk zijn 
Met behulp van statistische technieken kan worden berekend of de verschillen 
die tussen de "zieken" en de "gezonden" worden gevonden, een samenhang 
vertonen met de te bestuderen ziekte In dat geval kunnen de waargenomen 
verschillen als mogelijke oorzaak voor de ziekte worden aangemerkt 
Vastgesteld wordt dat voor het bestuderen van de multifactorielc enologie van 
C M D , observationeel onderzoek de voorkeur verdient 
In hoofdstuk dne worden de metingen beschreven zoals die uitgetest zijn in de 
pilot-studie en zoals ze, al dan niet gewijzigd, toegepast zijn in de uiteindelijke 
hoofdstudie De beschreven metingen zijn onderverdeeld in metingen die nodig 
zijn om 
-de ziekte vast te stellen 
-de bchandelbehoeftc te inventariseren 
-in/icht in de mogelijke oorzaken te verkrijgen. 
Omdat het gebruikelijk is om de prevalentie van C M D zowel klinisch (door de 
(tand)arts) als anamncstisch (vanuit de patient) te bepalen, zijn de metingen ook 
als zodanig uitgesplitst. De anamnestischc prevalenticbcpaling van C M D wordt 
met behulp van een vragenlijst vastgesteld Klinisch wordt C M D met metingen 
bepaald 
In verband met het multifactorielc karakter van C M D worden in het onder-
zoek een groot aantal mogelijke oorzaken (risico-indicatoren) betrokken De 
metingen hiervoor bestaan uit metingen aan het gebit (aantal occlusale 
contacten bijvoorbeeld), gebitsmodellcn (slijtage) en vragenlijsten (levens-
omstandigheden) (appendix A t /m D) 
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De pilot-studie heeft in de tandheelkundige klimck van de universiteit van 
Nijmegen plaatsgevonden In deze pilot-studie, die volgens het "patient-
controle" studiemodel was opgezet, zijn 1155 personen onderzocht ЛЬ 
belangrijkste resultaat van de pilot-studie wordt vermeld dat de methode om 
CMD-paticnten en controle-personen te selecteren, na enige correctie, voldeed 
en derhalve geschikt was voor toepassing in de hoofdstudie 
In hoofdstuk vier wordt aandacht besteed aan de betrouwbaarheid van de 
metingen, en aan indexen waarin het voorkomen van CMD veelal wordt 
uitgedrukt Beschreven wordt de overeenstemming die er bestaat tussen twee of 
meer onderzoekers wanneer ze onafhankelijk van elkaar, en op dezelfde, vooraf 
afgesproken wijze, metingen bij een persoon of voorwerp uitvoeren 
(interobserver agreement) Ook de overeenstemming die er bestaat tussen twee 
ot meer dezelfde metingen door dezelfde onderzoeker op verschillende 
tijdstippen komt aan de orde (intra-observer agreement) Het is bekend dat 
verschillende onderzoekers zich bij verschillende metingen kunnen vergissen of 
de afspraken over de metingen verschillend interpreteren Het kan ook 
voorkomen dat het te meten fenomeen in de tijd verandert, waardoor 
verschillen kunnen ontstaan 
De CMD-mdex die beschreven wordt, heet de Helkimo-index (naar de 
onderzoeker die de index in 1974 voor het eerst gepubliceerd heeft) Sindsdien 
wordt veel CMD-onderzock uitgedrukt in een score op die Hclkimo-index 
Niet alle onderzoeken, waaronder ook dit onderzoek, hanteren de Helkimo-
index volledig Dit heeft natuurlijk consequenties bij het vergelijken van 
onderzoeksresultaten. Vandaar dat in dit hoofdstuk aandacht besteed wordt aan 
de vraag op welke punten binnen het onderzoek van die index is afgeweken, en 
welke consequenties dat heeft voor de presentatie van de gegevens 
In hoofdstuk vijf worden de resultaten gepresenteerd met betrekking tot het 
vóórkomen en de behandclbchoefte van CMD De resultaten zijn verkregen 
door onderzoek bij ruim 3500 proefpersonen, variërend in leeftijd van 15-74 
jaar, verspreid over 40 plaatsen in Nederland 
Het voorkomen van de kaakgewnchtsklachtcn is uitgedrukt in percentages van 
de waargenomen symptomen van CMD en voor zover dat mogelijk was in de 
Hclkimo-indcx Met behulp van statistische berekeningen konden verschillen 
worden aangetoond in de aanwezige hoeveelheid kaakgewnchtsklachtcn (1) bij 
mannen en vrouwen, (2) binnen bepaalde leeftijdsgroepen en (3) bij personen 
die een (gedeeltelijk) kunstgebit hadden. Vandaar dat bij de presentatie van de 
percentages daarin onderscheid wordt aangebracht Al met al geeft ± 3,5% van 
de Nederlandse mannen en ruim 6% van de vrouwen te kennen "matige tot 
ernstige" kaakgewnchtsklachtcn te hebben Bij ± 5% van de Nederlanders van 
15-74 jaar worden klinisch matige tot ernstige kaakgewnchtsklachtcn 
vastgesteld 
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Met behulp van de gegevens over het aantal tandartsen in Nederland en de 
gemiddelde praktijkgrootte, kon in combinatie met de CMD-prcvalcntie-
getallen van de/e studie berekend worden hoeveel CMD-patienten een 
gemiddelde tandarts in Nederland in zijn algemene praktijk kan verwachten 
Ook kon berekend worden "één op de hoeveel" patiënten (per praktijk) enig 
symptoom van CMD heeft Zo kunnen bijvoorbeeld bij ongeveer 1 op de 10 
personen kaakgcwrichtsgeluidcn worden waargenomen en slingert de 
onderkaak tijdens opemngsbewegingen bij 1 op elke 3 personen Ongeveer 1 
op de 350 patiënten zegt /elf pijn in de kauwspieren te hebben tijdens het 
kauwen, terwijl 1 op de 140 patiënten aangeeft pijn in de buurt van het 
kaakgewncht te hebben bij het kauwen 
Met betrekking tot de bchandelbehoefte van de kaakgcwrichtsklachtcn blijkt 
deze voor zowel de anamncstisch, alsook voor de klinisch vastgestelde CMD 
ongeveer even groot te zijn Ruim 4% van de 15-74 jarige Nederlanders met 
CMD symptomen zijn van plan zich daarvoor te laten behandelen of zijn er 
reeds voor onder behandeling De huisarts en de tandarts worden in geval van 
CMD-klachten ongeveer even vaak geraadpleegd 
In hoofdstuk ¿es wordt beschreven hoe de enologie van CMD bestudeerd is en 
worden de resultaten ervan gepresenteerd De wij/e waarop het "patient-
controle" studiemodel in de landelijke steekproef was ingepast wordt 
beschreven 
Uiteengezet wordt hoe de metingen, die verricht zijn om de oorzaken van 
CMD bij de proefpersonen te registreren, geschikt gemaakt zijn voor de 
geplande statistische berekeningen. Het verband tussen deze variabelen en 
CMD is bestudeerd met behulp van regressie-analyses Dit soort analyses is 
geschikt om de invloed van, en het mogelijke onderlinge verband tussen, 
meerdere variabelen tegelijk te bestuderen ten opzichte van de ziekte 
Deze statistische procedures zijn /owel in de landelijke steekproef alsook bij 
het patiënt-controle onderzoek toegepast De resultaten die op deze wijze 
verkregen werden, zijn vergeleken met resultaten zoals andere onderzoekers 
die in de vakliteratuur hebben gepubliceerd. Om al deze gegevens 
overzichtelijk te kunnen vergelijken, zijn zij op een bepaalde manier 
gegroepeerd en in tabellen bij elkaar gevoegd Het op deze wijze bestuderen en 
weergeven van de bestaande vakliteratuur wordt ook wel meta-analysc 
genoemd 
De bclangnjkse resultaten van de CMD ctiologie-studie zijn. 
- er bestaat een verband tussen CMD en "somatiseren" (= het hebben of uiten 
van algemene lichamelijke klachten, zie appendix C, laatste bladzijde 
- bij aanwezigheid van algemene gcwrichtsklachtcn (knappen van knieën, pijn 
en stijfheid van gewrichten) komt CMD vaker voor 
- er kan geen verband worden vastgesteld tussen CMD en "gebitsfactoren" 
(bijvoorbeeld de stand van de voortanden, het aantal aanwezige kiezen en 
hoeveel kiezen er op elkaar sluiten). 
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Het proefschrift wordt besloten met hoofdstuk zeven, een algemene 
beschouwing met aanbevelingen en conclusies. In deze nabeschouwing wordt 
gesteld dat: 
- CMD 7o vaak voorkomt (± 5% van de volwassen bevolking) dat het een 
relatief belangrijke "afwijking" is 
- CMD-prevalentiegcgcvens volgens WHO-richtlijncn (World Health 
Organization) en naar gebitssituatie (eigen tanden versus kunstgebit) 
gepubliceerd zouden dienen te worden Voorts dat bij de presentatie van de 
prevalcnticgcgevens het wenselijk is om aan te geven in hoeverre (in welk 
percentage) de vastgestelde symptomen van CMD voor de betrokken 
proefpersonen aanleiding is om behandeling te (verzoeken 
- de Nederlandse tandartsen door nascholing (PAO) kennis zouden moeten 
nemen van de huidige stand van zaken met betrekking tot CMD. Dit omdat 
onderwijs in CMD pas sedert de laatste 15 tot 20 jaar onderdeel is van het 
universitaire tandheelkundige onderwijs 
- de landarts in de algemene praktijk terughoudend dient te zijn met 
restauratieve behandelingen van het gebit, die bedoeld zijn om CMD-
klachten te verminderen Voorgesteld wordt alleen irreversibele 
behandelingen aan het gebit uit te voeren indien uitgeprobeerd is of 
voorspelbaar duurzame verbetering van die behandelingen te verwachten is 
- toekomstig onderzoek zich moet richten op personen die voor het eerst 
kaakgewrichtsklachten hebben en daar nog geen behandeling voor hebben 
ondergaan. 
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APPENDIX A 
m 
KAABTSOOKT |1|5| 1-2 
PRDB.NR. I I I I I 13-7 
1. Heeft U de afgelopen weken een of meenlere malen cjanerkt 
dat Uw kdokgewncht geluiden maakt bij beueyingen van de 
onderkaak (b.v. als U eet of gaapt). 
nee geen geluiden CU 0 
ja gelulden die ik hinderlijk vind D 1 
ja gelulden die ik niet hinderlijk vind Π 2 
2. Heeft U pijn bij Uw kaakgewncht bij bewegingen van de onder-
kaak (het open en dicht doen of het links-rechts bewegen). 
nee geen pijn Π 0 
ja pijn Π 1 
3. Heeft U pijn bij Uw kaakgewndit als U Uw mond ver opendoet 
(b.v. bij gapen, het nemen van grote happen, of het la/Keurig 
cpenhouden van de mond). 
nee geen pijn • 0 
ja pijn Π 1 
4. Heeft U de afgelopen weken een of meerdere malen gemerkt 
dat U pijn of een vermoeid gevoel bij Uw kaakgewncht krijgt 
als U kauwt. 
nee geen pijn en geen vermoeid gevoel СИ 0 
ja pijn Π 1 
ja vennoeid gevoel • 2 
5. Heeft U de afgelopen weken een of meerdere malen gemerkt 
dat U pijn of een vemoeid gevoel in Uw kauwspieren (wangen) 
krijgt als U kauwt. 
nee geen pijn en geen vermoeid gevoel • 0 
ja pijn Π l 
ja vermoeid gevoel • 2 
6. Heeft U pijn bij Uw kaakgewncht of in de kauwspieren als U 
Uw kiezen ongeveer 10 tellen (10 seconden) flink op elkaar klemt. 
nee geen pijn • 0 
ja pijn bij kaakgewncht en/of in kauwspieren G 1 
7. Heeft U de afgelqpen weken een of meerdere malen meegemaakt 
dat Uw kaak uit de kan schiet, of wil schieten. 
nee niet (bijna) uit de kan geschoten П О 
ja uit de kan geschoten
 i • 1 
ja bijna uit de kon geschoten CD 2 
D β 
D 9 
D io 
α η 
D 12 
D із 
D 14 
163 
8. Heeft U de afgelopen weken een of meerdere malen meeganaaXt 
dat Uw kaak cp slot zat zodat U Uw mond niet of veel minder 
ver ken openen dan gewocnli]k. 
nee niet op slot • 0 
]a op slot • 1 
-INDIEN ΚΙΑΟΓΓΕΙΊ: (vorige vragen lx of vaker 1 of 2 gescoord) 
verder met 9 e.V. 
-INDIEU GEEii KLALHTIH: (vorige vragen alles 0) verder met 
vraag 11 en 12. 
9. VireJt U het nodig met deze kladit(en) naar Uw tandarts of 
' huisarts te gaan. 
nee ik vind dat niet nodig DO 
]a ik vind dat nodig en ga dat doen • 1 
ja ik lien daarvoor nu onder behandeling 
bi] de tandarts G 2 
ja ik ben daarvoor nu onder behandeling 
bij de huisarts D 3 
de tandarts heeft me behandeld maar het 
heeft niet geholpen • 4 
de huisarts heeft me behandeld maar het 
heeft niet geholpen CU 5 
(ander antwoord) Π 6 
10. Als de kladiten erger worden naar wie zou U dan (weer) gaan 
» tandarts Π 0 
huisarts • 1 
specialist O 2 
weet met G 3 
11. íieeft U van één of meer van de genoende kladiten van deze 
τ vragenlijst vroeger wel eens last gehad. 
nee vroeger nooit last van gehad Qü 
ja vroeger wel eens last van gehad G 1 
1¿. Indien U vroeger last heeft gehad van genoende klachten 
(knappen van gewridit - niet of moeilijk kunnen bewegen 
van de kaak - pijnlijk kaakgewncht of pijnlijke, veDnceide 
kauwspieren) hoe is dat dan overgegaan. 
de tandarts heeft me geholpen GO 
de huisarts neeft me geholpen O l 
een specialist heeft me geholpen G2 
het is vanzelf weer overgegaan G3 
het is nog alti jd niet overgegaan G 4 
dat weet ik met meer Q 5 
(ander antwoord) G^ 
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APPENDIX В 
Kaartsoort 
Probandusnr. 
шш 
XT 
1 - 2 
І З - 7 
tandarts omcirkel het juiste antwoord 
1. Bent U ender specialistisch behandeling? ja/nee 
indien ja-, welke 
2. Heeft U rheumatische aandoeningen? ja/nee/weet niet 
indien ]a: sedert hoelang + 
3. Heeft U pijn of stijfheid van gewrichten? ja/ja sans/nee 
indien ja: sedert hoelang ± 
4. Heeft U zwelling bij gewrichten? ja/ja sans/nee 
indien ja: sedert hoelang + 
5. Heeft U knappende of knakkende gewrichten J<»/ja sans/nee 
(b.v. knappen Uw knieën als U gaat hurken)? 
indien ja : sedert hoelang + 
6. Zijn er gezinsleden (ouders, broers, zussen of 
kinderen) die (ook of wél) klachten aan kaakgewricht of 
kauwspieren hebben? ja/nee/weet niet 
7. Hoe lang heeft U kaakgewnchts klachten en of last 
van de kauwspieren? + tijdsduur (mnd of jaar) niet, geen klachten 
INDIEN GEm KLAOfTriN GA VLRDER MET VRMG 15 
8. Weet U (nog) waardoor de klachten begonnen zijn? ja/nee 
Г ' 
I » indien ja: heeft het met het gebit te maken ja/nee 
heeft het met het kaakgewricht te maken ja/nee 
heeft het met de kauwspieren te maken ja/nee 
heeft het met een ongeval te maken ja/nee 
heeft het met spanningen van het dagelijks 
leven te maken ja/nee 
heeft het met '. 
(andere oorzaak of reden zelf invullen) 
D s 
D 9 
D io 
D i i 
Π 12 
D 13 
D 14 
D 15 
ΓΤΊΐ6-ΐ7 
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Bent U (al) wel eens speciaal voor de klachten aan kaak-
gewncht en kauwspieren 
a. bi] de huisarts geweest nooit/een keer/meerdere malen 
b. bi] de tandarts geweest nooit/een keer/meerdere malen 
с bi] een kaakchirurg geweest nooit/een keer/meerder emalen 
d. bij een Physiotherapeut geweest nooit/een keer/meerdere malen 
e. bi] een magnetiseur geweest nooit/een keer/meerdere malen 
-INDItM A T/M E ALLES: "MEE NOOIT" VERDER МЕГ РЛДС 15 
10. Hebben de behandelingen die U voor Uw klachten aan Uw 
kaakgewncht en kauwspieren heeft gehad geholpen? ja/een beet]e/nee 
11. Hebt U ooit uitleg gekregen over wat er aan de hand is of 
zou kunnen zijn met Uw kaakgewncht en kauwspieren? ja/nee/weet niet 
12. Zijn U ooit mandoefeningen voorjeschreven (leren openen -
niet te ver cpenen)? 
13. Is er ooit aan Uw tanden of kiezen geslepen om Uw gebit 
beter te laten sluiten? 
14. Is er ooit een beetplaatje (beschermplaatje) gemaakt voor 
Uw gebit ondat U last had van Uw kaakgewncht en/of 
kauwspieren? 
ja/nee/weet niet 
ja/nee/weet niet 
ja/nee/weet niet 
*15. Heeft een of meer van de volgende gebeurtenissen het afgelcpen 
jaar plaatsgevonden: 
- het doorbreken van nieuwe kiezen (verstandskiezen) ja/nee/weet met 
- een of meerdere kiezen getrokken ja/nee/weet met 
- meerdere niet prettig aanvoelende vullingen gemaakt ja/nee/weet niet 
- kronen of bruggen aangebracht ja/nee/weet niet 
- een uitneembaar plaatje (of frame) aangebracht ja/nee/weet niet 
- een volledig kunstgebit gemaakt ja/nee/weet niet 
- door de tandarts aan Uw gebit geslepen ja/nee/weet met 
- een klap cp Uw gebit of tegen Uw kaken gehad ja/nee/weet met 
- pijn gehad aan een of meerdere tanden of kiezen ja/nee/weet met 
16. Klemt U Uw kiezen flink cp elkaar als U ingespannen bezig bent? 
ja/nee/weet met 
17. Neemt U of Uw angeving wel eens waar dat U tanden knarst? ja/nee/weet met 
18. Heeft U kauwproblanen?
 ] а / е е п beetje/nee 
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PROBANDUSNUMMER XE 
APPENDIX С 
Vragenlijst Recent Meegemaakte Gebeurtenissen 
Teelichting 
In deze lijst worden een aantal gebeurtenissen genoemd, die iemand kan 
hebben meegemaakt. Het is de bedoeling dat u bij uzelf nagaat welke van 
deze gebeurtenissen zich in het afgelopen jaar bij u hebben voorgedaan 
(of nog voordoen). In de TTjst geeft u dit aan door in het eerste hokje 
achter de gebeurtenis een kruisje te zetten. Als u een gebeurtenis de 
laatste 12 naanden m e t hebt meegemaakt dan vult u mets in. 
Van de gebeurtenissen die u hebt meegemaakt en aangekruist, vragen wij 
u tevens om aan te geven hoe plezierig én hoe onplezierig и die gebeurtenis 
hebt gevonden. U kunt zowel voor de onpTëzierigheid als voor de plezieng-
heid kiezen uit 5 antwoordmogelijkheden. 
Voorbeelden 
A. -Een bepaalde gebeurtenis heeft nogal 
wat onplezierigheid met zich meegebracht, 
maar er zaten ook enige plezierige kanten 
aan. In dit geval plaatst u achter de be-
treffende gebeurtenis in de 1 plaats een 
kruisje in het hokje onder "meegemaakt in 
het afgelopen jaar" er verder in de hokjes 
onder "nogal wat onplezierigheid" en 
"enige pleziengheid" .zoals hiernaast 
aangegeven. 
ONPLEZIERIC-
HFID 
с 
а 
<u 
bO 
r. 
<u 
^ 
Э 
rt oc 
o 
С 
o 
> 
^ 
> 
l-l 
<ll 
N 
Gebeurtenis А 
і-шхш-іж 
В. -Wanneer een gebeurtenis veel o n p l e z i e r i g ­
heid teweeg heeft gebracht en in het geheel 
geen p l e z i e n g h e i d , dan v u l t U d i t a ls v o l g t 
in-
Gebeurtenis В И ~ І I I M I - К Ш Б 
С. -Evenzo, wanneer een gebeurtenis zeer p l e ­
z i e r i g is geweest en helemaal n i e t o n p l e z i e r i g : 
Gebeurtenis С 
Ш-Ш. 
-пив 
Per meegemaakte gebeurtenis worden dus a l t i j d 3 hokjes ingevuld. 
Wanneer U een gebeurtenis m e t hebt meegemaakt in het afgelopen j a a r , 
dan b l i j v e n de hokjes achter die gebeurtenis leeg. 
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Α. Gezondheid 
1. ziekenhuisopname van 
с. uzelf 
b. uw partner 
c. inwonend gezinslid. . 
d. overige familieleden. 
2. Operatie van· 
a. uzelf 
b. uw partner 
с inwonend gezinslid. . 
d. overige familieleden. 
3. een ziekte of verwonding waardoor minstens 
een maand de dagelijkse gang van zaken 
is verstoord. 
a. van uzelf 
b. van inwonend gezinslid 
4. begin van een behandeling in verband met 
persoonlijke problemen van 
a. uzelf 
b. uw partner 
с inwonend gezinslid 
5. eer belangrijke verandering voor uzelf in· 
a. eetgewoonten . . 
b. alkoholgebruik. ... 
с rookgewoonten 
d. sleapgewoontcn 
6. eer belangrijke verandering in de 
gezondheid van: 
a. uzelf 
b. uw partner 
с inworend gezinslid 
d. overige familieleden 
e. goede vriend(in) of buur. . . . 
омчьгтгчіс 
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-
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BrHH^Effl 
I U : 
Ι Τ π _ 
Чгпт 
L 
Z± -* HI 
В Merk 
7. verandering van werkgever i I -
8. arder werk maar bij dezelfde werkgever | | • 
9. verandering van werktijder (overuren, werk­
tijdverkorting) of van werkomstandigheden. ... Q " 
10.verandering in verantwoordelijkheid op 
uw werk Г 1 · 
Л 
— ι I Ι ι ι 
•LTUJJ 
ггппп 
t l 
• M i l l i 
U M M 
M i l l i 
I I 1 
π 
-спш 
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ONPLbZIERIG-
HEID 
PLEZIERIG­
HEID 
il.begin van onenigheid of konflikt op uw werk. 
12.eer. verandering binnen het bedrijf of de 
instelling waar u werkt {re-organisatie ed). 
13.(weer)gaan werken: 
a. eerste baan 
b. na meer dan 6 maanden niet gewerkt 
te hebben Π • 
J¡ с 
m tu 
π) α 
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π 11 
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M M π 
г г г г п 
ι ι : Ì I : 
M 1 M i 
М М М 
ι ι ι ι ι ι 
14.a. verlof of wachtgeld . . . 
b. ontslag 
c. (vervroegde) pensionering 
15.één maand of langer werkeloos (na minstens 
zes maanden werk bij dezelfde werkgever) 
e. uzelf 
b. uw partner 
c. inwonend gezinslid 
ΓΓΜ.ΤΊ 
1 
I 
1 
! 
1 
16.promotie Π — Γ Τ M 7 Ί — Π~ Γ i I ! 
• Œ Œ L l · 
17.het vertrek van iemand met wie u nauw heeft 
samengewerkt Π • 
С. Familie, vrienden, relaties 
1С.een belangrijke verandering in gedrag van: 
a. uzelf 
b. uw partner 
с inwonende gezinslid 
d. overige familieleden 
e. een goede vriend(in) of buur 
19.in het huwelijk getreden of gaan samenwonen: 
a. uzelf 
b. gezinslid 
20.een duidelijke verandering in de verhouding 
met uw partner 
E): 
D-
21.pen scheiding van minstens een maand van 
uw partner wegens: 
a. werk 
b. relatieproblemen 
с andere reden 
22.een definitieve scheiding. 
23.buitenechteliike relatie: 
a. van uzelf 
b. van uw partner 
24.uw partner is begonnen of gestopt met werken 
buitenshuis 
• -
• • 
1 ¡ 
1^ M 
I j _ _ 
ΛΑ m 
LU_UJ 
M I U 
M i l l 
i-mni 
-Ргтт^  
"tìtttd 
3 
' I I Ι ι I 
- С Х Т Ш 
-Й 
— L Œ 
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ONPLEZIERIG­
HEID 
PLEZIERIG­
HEID 
25.zwangerschap: 
a. (vrouw) van uzelf . . 
b. (man) van uw partner. 
с var. een gezinslid . . 
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^^  
OJ 
l·,! (Ui 
v\ 
26.abortus: 
a. (vrouw) bij uzelf . . 
b. (man) bij uw partner. 
c. bij een gezinslid. . . . 1 4- -L_ 
27.miskraam: 
a. (vrouw) bij uzelf . . 
b. (man) bij uw partner. 
с bij een gezinslid . . .4--
28.verandering in gezinssamenstelling of leef­
gemeenschap door: 
a. geboorte van een kind 
b. pleegkind of adoptie van kind 
с intrekken van een nieuwe huisgenoot . . . Й 
29.geboorte van een kleinkind I l-
30.een kind heeft het ouderlijk huis verlaten . . . U " 
•гтгтп 
•cnxn 
• гхи 
31.vertrek van een (of meer) andere huis-
gen0(o)t(en) • — П Х Ш — Γ Ί Χ Τ . Γ Ι 
32.het overlijden van: 
a. uw partner 
b. inwonend gezinslid 
c. overige familielid 
d. een goede vriend(in) of buur 
J—| 
1 
' i 
IT 
— ι — t — 
!_ . 
33.het overlijden van pen geliefd huisdier Г I-" I í~l I I 1 -·- I ! I I 1 "1 
: : :B^ETS 
34.een veranderig in samenlevingsvorm van 
ouders of kinderen: 
a. scheiding 
b. hertrouwen of nieuwe hechte relatie 
! I 
I ! 
35.begin van huwelijksproblemen bij uw ^_^_^^ 
ouders, broers of zusters of kinderen I I —' I 1 I 111 -— LI 
36.konflikt(en) met: 
a. uw partner 
b. uw kinderen 
c. uw (schoon)familie 
d. goede vriend(in) of buur 
rm 
37.een verandering in de kontakten met: 
a. uw (schoon)familie 
b. buren of goede vrienden 
38.een nieuwe hechte relatie of vriendschap 
dz 1 — ' — ' , , 
39.de verbreking van een hechte vriendschap ,__^_„__„ ________ 
of lang bestaand kontakt П — I M M ! — I i i I ! i 
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40.verhuizing van ouder(s) naar bejaarder­
tehuis of verzorgingstehuis • -
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D.Wonen en persoonlijke omstandigheden 
41 een verhuizing· 
a. binnen uw woonplaats. . . . 
b. naar een andere woonplaats. B=t 
42.een belangrijke verandering in uw woon-
onstandigheden (woning verbeterd of ver­
slechterd, achteruitgang van de buurt) 
43.konflikten met huiseigenaar, medebewoners, 
buurtbewoners of gemeente 
44.zelfstandig gaan wonen 
45.een belangrijke beslissing genomen over 
uw nabije toekomst 
46.een belangrijke verandering in uw manier 
van leven, zoals meer of minder uitgaan, 
aan sport gaan doen of lid worden van een 
vereniging, enz 
47.onderscheiding, medaille of eerbetuiging 
voor een (persoonlijke) prestatie. . . 
48 een verandering van politieke- of levens­
overtuiging. 
a. van uzelf 
b. van een gezinslid 
49.opleiding of studie van uzelf of gezinslid: 
a beginnen aan een opleiding 
b. veranderen van opleiding . . . 
с voortijdig ophouden met een opleiding . . 
d. voorbereiden en/of afleggen van een 
belangrijk examen 
e. met succes afronden van een opleiding . . . 
50.overtreding met rechtzaak tot gevolg, zoals 
ernstige boete (meer dan ƒ 1.000), ontzegging 
van rijbevoegdheid, voorwaardelijke vrijheids-
straf of celstraf: 
a. uzelf 
b. inwonend gezinslid 
c. overige familieleden 
51.verlies van of schade aan persoonlijke 
eigendomen 
u-
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с πι 
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52.slachtoffer van kriminaliteit: 
a. uzelf Π 
b. inwonend gezinslid LJ 
53.betrokken geweest bij of getuige geweest 
van een ongeluk of ongeval [~2 
54.belangrijk bericht ontvangen ГЦ 
55.vakantie I l· 
E. Financiën 
56.a. een belangrijke aankoop Π 
b. een belangrijke verkoop L j 
57.een belangrijke wijziging in uw finan­
ciële toestand ГЦ 
58.a. lening gesloten voor de aankoop van 
huisraad, auto, e.d [Щ 
b. lening gesloten voor de aankoop van 
een huis of zaak CD 
59.fail 1isement of inname van goederen _ 
wegens niet tijdige betaling LJ 
Indien u in het afgelopen jaar geen enkele 
gebeurtenis hebt meegemaakt, die in deze 
lijst is vermeld, wilt u dan zo vriendelijk
 r 
zijn dit hokje aan te kruisen LJ 
Gebeurtenissen die in het afgelopen jaar voor 
u van belang zijn geweest, maar die niet in 
deze lijst voorkomen, kunt u hieronder vermelden. 
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In welke nate heeft U de afgelopen 
week (+ θ dagen) last gehad van: 
1. Hoofdpijn 
2. Duizeligheid 
3. Pi]n m borst of hartstreek 
4. Pijn onder in de rug 
5. Hartkloppingen 
6. Misselijkheid of een maag 
die van s t reek i s 
O M C I R K E L H I E R O N D E R HET J U I S T E ANTWOORD 
• • • • • 
helemaal niet/een beetje/nogal/tamelijk veel/heel erg 
helemaal niet/een beetje/nogal/tamelijk veel/heel erg 
helemaal niet/een beetje/nogal/tamelijk veel/heel erg 
helanaal niet/een beetje/nogal/tamelijk veel/heel erg 
helemaal met/een beetje/nogal/tameli]k veel/heel erg 
7. Pijnlijke spieren 
helemaal met/een beetje/nogal/tamelijk veel/heel erg 
helemaal niet/een beetje/nogal/tamelijk veel/heel erg 
. Moeilijk in slaap kunnen kanen helemaal niet/een beetje/nogal/tajnelijk veel/heel erg 
9. Moeilijk adeni kunnen krijgen helemaal niet/een beetje/nogal/tamelijk veel/heel erg 
10. Je sans erg wann, dan weer 
erg koud voelen helemaal met/een beetje/nogal/tamelijk veel/heel erg 
11. Een verdoofd of tintelend gevoel 
ergens in je lichaam helemaal niet/een beetje/nogal/tamelijk veel/heel erg 
12. Een brok in je keel helemaal niet/een beetje/nogal/tamelijk veel/heel erg 
13. Je lichamelijk ergens slap voelen helanaal niet/een beetje/nogal/tamelijk veel/heel erg 
14. Zwaar voelen in annen of benen helemaal niet/een beetje/nogal/tamelijk veel/heel erg 
15. Een onrustige of gestoorde slaap helemaal niet/een beetje/nogal/tamelijk veel/heel erg 
16. De gedachte dat er iets erg 
verkeerd is met je lichaam helanaal niet/een beetje/nogal/tamelijk veel/heel erg 
OP ELKE REGEL HEEFT U EEN CIRKEL GEZET, DAN IS DEZE 
WITTE LIJST VOLLEDIG EN JUIST INGEVULD 
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APPENDIX D 
kaartsoort 
probandusnuHiiier 
1. slingeren 
2. gelulden 
3. hypermcbiliteit 
4. pijn bij bewegen: openen: - gewricht 
- spieren 
5. pijn bij bewegen: protraal: - gewricht 
- spieren 
6. pi jn b i j bevregen: rechts : - gewricht 
- spieren 
7. pijn bij bewegen: links: - gewncht 
- spieren 
. spierpalpatie 
verschi l 
9. gewncht l a t e r a a l p a l p a t i e 
verschi l 
10. gewricht dorsaal p a l p a t i e 
verschi l 
11. max. срепел im 
12. v e r t i c a l e overteet in ππι 
13. max. p r o t r a a l bew. (im) 
14. max. l a t e r a a l bew. r e d i t s itm 
15. max. l a t e r a a l bew. l inks πιπ 
І5І0І 1- 2 
Т Т Л 3-7 
16. l 8 | 7 . 6 . 5 , 4 , 3 . 2 . 1 . 1 . 2 . 3 . 4 . 5 . β . 7 . 8 
r i I 1 1 I I 1 1 1 1 I I I I I 1 
17. prematuur contact + afgl i jden: prematuur 
afgli jden 
18. a r t i c u l a t i e patrocn: rechts 
l inks 
p r o t r a a l 
D « 
RL D D 9 - 1 0 — 
RL • D Ч " 1 2 — 
RL Π D 1 3 - 1 4 
RL D D 15-16 
RL D D 1 7 - 1 8 
RL D D 1 9 _ 2 0 
ra- D D 21-22 
RL • • 23-24 
RL • • 25-26 
RL Q • 27-28 
RL • D 2 9 - 3 0 
D 3 1 
RL D D 32-33 
D 3 4 
RL D D 3 5-зб ' / 
D 3 7 / 
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APPENDIX E 
Preval enee of variables LI «»ed in the re y rets ι on analyses ( nat ι onwi de 
ьагпріе, dentate subjects, reniuvable prosthesis/e'S included (ND *• RP) 
and excluded (ND) . Explanation of the presented data is» complete or 
partial (lowest and highest value) dependent on the scale. 
PREVALENCE OF MORPHOLOGIC OCCLUbftL FftCTORS 
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Partially erupted teeth (5 point scale) 
- riu partially erupted teeth present 
- 1 partially erupted tooth present 
- с partially erupted teeth prebpnt 
- J. pattially erupted teeth present 
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Removable prosthodont ir applianrp (3-puint erale) 
- no RPD and no full denture present fì ь . £>'л 
- one RPD or one full dent ure present li. 1 % 
- two RPD'^ or one RPD and one full denture present Ьі_. чш/. 
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Trauma in the dental status (A-puint scale) 
- rif • trauma based ->n the dental status repurted 
- ijnce trauma reported 
- twι re trauma reported 
- three times or moie frequent trauma reported 
ЭР. ti'/. g¿ . /% 
5. 1 'Л 0. 3% 
Í.34 1. 3% 
О- Ь-Л 0.7% 
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Stellingen 
bij het proefschrift 
PREVALENCE AND ETIOLOGY OF 
CRANIOMANDIBULAR DYSFUNCTION 
ROB Ι)Γ KANTFR 
ЗОталгі 1990 
1 Met de toevoeging van de term "cranio" aan mandibulaire dysfunctie kan 
de tandarts niet meer om het fenomeen hoofdpijn heen 
2 Het is misleidend, verschillen tussen waarnemers uu te drukken in maten 
voor inter- en intraobservcr agreement 
3 Indien vrouwen ten aanzien van CMD aan dezelfde criteria getoetst wor-
den als mannen, scoren /ij hoger op de bestaande dysfunctie indexen 
4 "Gezondheid" is even multifactorieel als "ziekte" 
5 Dat personen met uitneembare prothctische voor/ienmgen hoog scoren 
op de Helkimo-mdex, betekent niet dal er dan sprake is van CMD 
6 Tandartsen hebben in de praktijk meer problemen met occlusie dan hun 
patiënten 
7 Mensen die vinden dat /e last hebben van CMD knappen erover, mensen 
die de klachten hebben hoor je nauwelijks 
8 Het ministerie van onderwijs en wetenschappen verloochent haar naamge-
ving en afkomst in de beoordelingscriteria voor het functioneren van uni-
versiteiten. 
9 Participatie aan "stadsweekend- en avonddiensten" is uitermate geschikt 
om tandartsmedewerkers van universiteiten te motiveren het onderwijs in 
de tandheelkunde te optimaliseren 
10 Een practicus waarbij een gespoten afdruk altijd lukt, heeft onvoldoende 
zelfkritiek. 
11 In de (prothctische) tandheelkunde, dient de vormgeving van occlusale 
patronen meer uit te gaan van de individuele functie, dan van de theoreti-
sche vorm. 
Een katholieke werkgever dient zich voortdurend bewust te /ijn van het 
feit, dat hij niet alleen in het hiernamaals verantwoording heeft af te leggen 
voor het gevoerde beleid. 
Tussen een 5-sierren studiestad, 5-sterren allures en 5-sterren gedrag /it 
een (universitaire) wereld van verschil. 
Nu er "floppies" /ijn heeft de uitdrukking: "het gaat over veel schijven" 
een dimensie extra gekregen. 
Als de kwestie van de kip of het ei is opgelost, wordt de vraag waar de haan 
vandaan komt pas echt relevant. 



